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General introduction
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“I don’t tell people because I fear they will classify me and think I am “wussing out” or being a whimp. 
I don’t want to draw attention to the fact that I have asthma. I don’t like to use my inhaler in public. 
 I don’t want people to think I am trying to get out of something”
(Lynne in Kintner, 1997)
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Introduction
Adolescence is a developmental period with many challenges for young people. Adolescents 
need to develop their own identity, their self-esteem may decrease, and their social life 
may change. The impact of parents decreases and peers become more important social 
agents. Due to hormonal changes the body changes rapidly and sexuality develops. While 
adolescence is challenging for many teenagers, this period may be even more challenging 
for teenagers with asthma. Adolescents with asthma need regular medication in order to 
keep their asthma symptoms under control, sometimes they cannot participate in sporting 
activities and social events, they may feel different from their peers, and may feel frustrated 
about having a chronic disease. All these factors influence their daily functioning, and are 
likely to have an impact on their psychological wellbeing. The first part of this thesis aims at 
examining factors that determine the quality of life of adolescents with asthma. 
Adolescence is also the period in which youngsters start experimenting with detrimental 
health behaviours such as smoking. Although smoking is associated with health risks for all 
adolescents, the health risks of smoking are increased for adolescents with asthma, both in 
the short and the long term. Therefore, it is especially important for adolescents with asthma 
to refrain from smoking. To prevent smoking among teenagers with asthma, it is important 
to know which factors predict smoking in this group of particularly vulnerable adolescents. 
The second part of this thesis therefore focuses on smoking among adolescents with asthma, 
and aims to gain more insight into predictors of smoking onset.  
Asthma in Adolescence (Part 1)
What is asthma?
Asthma is a chronic disease that affects the airways. A definition of asthma was given by 
the National Asthma Education and Prevention Program Expert Panel from the US National 
Institutes of Health in 1991: 
“Asthma is a chronic inflammatory disorder of the airways in which many cells and 
cellular elements play a role, in particular, mast cells, eosinophils, T lymphocytes, 
macrophages, neutrophils, and epithelial cells. In susceptible individuals, this 
inflammation causes recurrent episodes of wheezing, breathlessness, chest tightness 
and coughing, particularly at night or in the early morning. These episodes are usually 
associated with widespread but variable airflow obstruction that is often reversible 
either spontaneously or with treatment. The inflammation also causes an associated 
increase in the existing bronchial responsiveness to a variety of stimuli.” 
(National Heart, Lung, and Blood Institute [NHLBI], 17)
10
____  Chapter 1  ______________________________________________________________________________
Asthma is an atopic disease: a hereditary disorder that causes allergic reactions. The 
severity and frequency of symptoms and attacks vary substantially between persons, and 
may increase during exercise and at night. The inside walls of the airways are inflamed 
and swollen, making the airways very sensitive. The airways react stronger to several 
environmental stimuli, i.e., asthma triggers. Asthma may be triggered by exercise, tobacco 
smoke, cold air, indoor allergens (e.g., house dust mites), outdoor allergens (e.g., pollens 
and moulds), extreme emotional arousal (e.g., anger or fear), aspirin, or perfume. 
During an attack, symptoms increase and the muscles around the airways tighten (see Figure 
1). The airways become narrowed, making breathing difficult. Inflammation increases, and 
more mucus is produced, which further narrows the airways. Common asthma symptoms 
are wheezing (a whistling sound in the chest during breathing), coughing, faster or noisy 
breathing, chest tightness, and shortness of breath. 
Figure 1. Comparison of a normal airway and the airway of a person with asthma (Source: U.S. 
Department of Health and Human Services, National Institutes of Health, National Heart Lung and 
Blood Institute).
The prevalence of asthma
It is estimated that worldwide, 300 million people have asthma, and that 225,000 people 
died of asthma in 2005 (WHO, 2006). Asthma is the most common chronic disease in 
children and adolescents, and the prevalence seems to increase in most countries, although 
this increase is absent in countries with high prevalence rates (Asher et al., 2006). There are 
large differences in the prevalence of asthma between countries, with the prevalence rates 
of “ever had asthma” for 13 to 14-year-olds ranging from 1.4% in Tashkent, Uzbekistan to 
30.4% in Adelaide, Australia (ISAAC Steering Committee, 1998b).
Asthma usually develops during the first years of life, and in 80% of the cases of childhood 
asthma it is caused by allergy (Boezen, Postma, Smit, & Eysink, 2006). The incidence of asthma 
increases from the first year of life through adolescence, and decreases again into adulthood 
(King, Mannino, & Holguin, 2004). In childhood, more boys than girls have asthma, whereas 
Asthma
Norm
Muscle
Lining Swelling
Tight Muscles
Mucus
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this gender ratio1 is reversed in adulthood (e.g., Anderson, Pottier, & Strachan, 1992; King et 
al., 2004). This seems not to be caused by a better prognosis for childhood asthma in boys, 
but by a higher incidence of asthma in girls during adolescence (Nicolai, Pereszlenyiova-
Bliznakova, Illi, Reinhardt, & von Mutius, 2003). Sex steroids may be a possible explanation 
for this increase in asthma incidence in girls during adolescence, since testosterone is an 
immunosuppressant, whereas female sex steroids are proinflammatory, increasing the risk 
of atopic diseases (Osman, 2003). 
In the Netherlands, after a strong increase in the prevalence of asthma among children during 
the 1980s and 1990s, the prevalence seems to be stabilizing or even decreasing recently (Van 
Schayck & Smit, 2005). Four to seven per cent of the children (0 to 12-year-olds) have asthma 
(Smit, Boezen, & Poos, 2006). Among Dutch children aged 2-15, 4-12% suffer from shortness 
of breath, while 5-20% report wheezing. Among Dutch adults the prevalence of symptoms 
of asthma is between 14% and 18% (Smit et al., 2006). For Dutch adolescents there are no 
recent prevalence data available from epidemiological research. Therefore, one of the aims of 
this thesis is to determine the prevalence of asthma among adolescents by conducting a large 
population-based survey of adolescents in four regions of the Netherlands.
Asthma treatment
Asthma cannot be cured, but it can be controlled with good asthma management, including 
regular medication and an adjusted lifestyle (WHO, 2006). There are two types of medication: 
bronchodilators and corticosteroids. Bronchodilators are quick-relief medicines or rescue-
medicines. They have to be taken (inhaled) at the first signs of asthma symptoms and they 
reverse the narrowing of airways by relaxing the bronchial muscles. They have an effect 
within minutes, and people with asthma should always carry these medicines with them to 
prevent an attack (NHLBI, 2006). 
Corticosteroids have to be used regularly to reduce the inflammation, and thus the 
swelling of the airways, to make an asthma attack less likely. Corticosteroids are generally 
taken by inhalation as well. They need to be taken on a daily basis and usually over longer 
periods of time. It may take some weeks before adolescents can feel the full benefits of these 
corticosteroids (NHLBI, 2006). 
Many adolescents with asthma need both kinds of medicine, and treatment plans may 
change over time. Besides using medication, lifestyle changes may be necessary to achieve 
optimal asthma management and to prevent attacks. Triggers, such as smoke, perfumes, dust 
mite, and pets should be avoided.
In childhood, parents are responsible for the management and treatment of asthma. 
During adolescence, the responsibility of asthma care is transferred to the adolescents 
themselves (Buford, 2004). Failing to comply with treatment regimens leads to increases 
1 There currently is controversy in the literature about the use of “sex” versus “gender” to indicate differences between males and 
females. “Sex” is mostly used in relation to biological differences, whereas “gender” refers to socio-cultural differences. For many 
outcomes and processes in this thesis, it is not clear whether these are caused by biological differences, socio-cultural differences, or 
both. For reasons of consistency, we will use the term “gender” throughout this thesis. 
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in severity of symptoms, increases in the frequency of attacks and may eventually lead to 
hospital admission (Price & Kemp, 1999). Unfortunately, adherence to medication regimens 
is generally low in adolescents with asthma (Coutts, Gibson, & Paton, 1992; Dinwiddie & 
Muller, 2002), and more research is needed to understand and facilitate the transition of 
responsibility of care from parents to their adolescent children (Sawyer, Drew, Yeo, & Britto, 
2007). Several studies focused on reasons for low adherence to asthma medications during 
adolescence (e.g., Buston & Wood, 2000). Reasons given for non-adherence include: using 
medication, especially in public places, makes adolescents feel embarrassed, they forget to 
take their medicine, they do not believe that the medication is effective, they deny having 
asthma, they do not know how to use the inhalers, and they are afraid of side-effects. This 
illustrates that asthma does not only have an impact on the physical wellbeing of adolescents, 
but that having asthma also influences their social life and psychological wellbeing.
Psychological consequences of asthma
Adolescents with asthma encounter several problems related to their chronic illness. As 
said above, they have to adhere to treatment regimens and need to avoid situations that can 
trigger their asthma. They cannot always participate in social and physical activities such 
as parties and sports (Lenney, 1997). Because adolescents compare their situation with that 
of peers, they may feel it is unfair to have to miss out on these activities (Rhee, Wenzel, & 
Steeves, 2007), which might damage their self-esteem (Price & Kemp, 1999). Their sense 
of being normal may be threatened and they may feel embarrassed (Price, 1996; Rhee et 
al., 2007). Healthy classmates of adolescents with asthma are not always tolerant towards 
asthma and the associated limitations (Brook & Kishon, 1993), and knowledge about asthma 
in non-asthmatic classmates is low (Gibson, Henry, Vimpani, & Halliday, 1995). Although 
children with asthma in general have similar peer relationships, asthma has effects on 
friendships for children who experience more hospitalizations: they are less preferred as 
playmates and they feel more lonely (Graetz & Shute, 1995). 
Adolescents with asthma more often experience emotional problems than non-asthmatic 
adolescents. Although some studies found no differences in psychological wellbeing between 
adolescents with and without asthma (Ostrov & Ostrov, 1986; Wamboldt, Fritz, Mansell, 
McQuaid, & Klein, 1998), or showed only increased levels of emotional distress in females 
(Suris, Parera, & Puig, 1996), most studies reported more emotional difficulties for adolescents 
with asthma. Children with asthma develop more internalizing behaviour problems (i.e., 
withdrawn, anxiety/depression, somatic complaints) in adolescence than children without 
asthma, but no differences in externalizing behaviour problems (i.e., aggression, delinquency) 
have been detected (Alati et al., 2005). Adolescents with asthma more often feel lonely and 
unhappy about life, and report more psychosomatic symptoms (Forero, Bauman, Young, 
Booth, & Nutbeam, 1996). Furthermore, adolescents with asthma have more anxiety problems 
(Bussing, Burket, & Kelleher, 1996) and experience more depressive feelings (Otten, Van de 
Ven, Engels, & Van Den Eijnden, in press). The psychological consequences of asthma seem 
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to be larger when asthma is more severe (Richardson et al., 2006; Silverglade, Tosi, Wise, 
& D’Costa, 1994). This is true for self-reported severity, but not for severity assessed by a 
paediatric asthma specialist (Wamboldt et al., 1998). Perceived severity, which is a subjective 
measure, is more predictive for psychological consequences of having asthma than more 
objective measures. Subjective measures as well as objective measures of asthma are needed 
in order to fully describe the effects of asthma on a patient. One of these subjective measures 
of health is the health-related quality of life (QOL), defined as a multidimensional concept, 
including the physical, psychological, and social impact a disease has on the daily life of a 
patient, as perceived by the patient (Schipper, Clinch, & Powell, 1990).
Quality of life of adolescents with asthma
For a long time, mortality rates and physiological lung function measures were the main 
outcomes in asthma research. These measures provide information about the status of the lungs, 
but do not increase our understanding of the impact a disease has on the daily functioning of 
the patient. QOL is only weakly correlated with lung function parameters (e.g., Juniper et al., 
1996), and thus physiological measures should be combined with quality of life measures to 
have a complete picture of the impact of asthma or a certain treatment on the patient. 
The QOL of children and adolescents with asthma is reduced compared to their healthy 
peers (Hallstrand, Curtis, Aitken, & Sullivan, 2003; Sawyer et al., 2001), and girls report lower 
QOL than boys (Warschburger et al., 2004). To improve QOL in adolescents with asthma, it 
is essential to gain insight into factors that influence QOL in this phase of life. Most research 
among adolescents with asthma focused on the influence of disease characteristics on QOL, 
such as asthma severity. In a study on adults Horak and colleagues (2005) found that QOL 
was lower when severity increased, especially for those with persistent asthma and low 
lung function. Similar results have been found for children and adolescents, in which QOL 
decreased with increasing asthma severity (Warschburger et al., 2004). However, a recent 
study suggested that QOL in children and adolescents with asthma is more impaired by 
psychological factors than by asthma severity (Goldbeck, Koffmane, Lecheler, Thiessen, & 
Fegert, 2007).  
This emphasizes the need to look at other factors -besides severity- that may be important 
in the QOL of adolescents with asthma. Currently there is a growing interest in the role of 
psychological factors in QOL. For example, successful coping strategies may affect QOL 
in adolescents with asthma, by reducing the effects of asthma-related stressors. Coping is 
defined as a set of behavioural and cognitive responses designed to manage the stressors 
of a situation (Lazarus & Folkman, 1984). Having asthma can be seen as having to deal 
with stressors: on the one hand the stressors that are related to managing asthma, avoiding 
triggers, and taking medication, and on the other hand the more psychological stressors 
related to the emotional effects of asthma (Leventhal, Nerenz, & Steele, 1984). 
Coping styles were found to be related to several aspects of social adjustment (i.e. social 
activities, self-esteem, social anxiety, social skills, and behaviour problems) in adolescents 
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with asthma (Meijer, Sinnema, Bijstra, Mellenbergh, & Wolters, 2002). The coping styles 
“seeking social support” and “confrontation” (active and purposeful problem-solving) were 
associated with better adjustment, whereas the coping style “depression” (reacting with 
depressive behaviour) is related to poorer adjustment in adolescents. 
Coping is also found to be related to QOL in most studies. Studies among adults with 
asthma showed that effective coping strategies were associated with better QOL. Active 
coping (taking an active approach towards the problem, whether cognitive or behavioural) is 
related to better QOL, while emotional coping (a passive affective reaction to the problem) 
and avoidant coping (ignoring, denying or avoiding a problem) are related with poorer 
QOL (Adams, Wilson, Smith, & Ruffin, 2004; Hesselink et al., 2004). The impact of coping 
strategies on QOL has not been studied among adolescents with asthma, and it is difficult 
to generalise the results from adults to adolescents because of the different problems 
adolescents encounter (e.g., concerns about peer relationship, school absence, etc). 
Another psychological factor, found to influence health related QOL in several patients 
groups, is personality. Most research on personality uses a five-factor model of personality: 
the ‘Big Five’ dimensions Extraversion, Agreeableness, Conscientiousness, Emotional 
Stability, and Openness to experiences (Goldberg, 1990). Personality may influence QOL 
because it is related to the way people interpret, and react to, stressful situations. For instance, 
agreeable persons may receive more social support to deal with asthma, whereas neurotic 
persons are more inclined to focus on negative events and report more symptoms. Most 
research on the relation between the ‘Big Five’ and QOL focused on adult patient groups. As 
far as we know, only two studies investigated this relation in children and early adolescents 
(De Clercq, De Fruyt, Koot, & Benoit, 2004; Vollrath & Landolt, 2005), and it has not been 
studied yet among adolescents with asthma.
The majority of studies showed that extraversion was related to better QOL (Masthoff, 
Trompenaars, Van Heck, Hodiamont, & De Vries, 2007; Van Straten, Cuijpers, Van Zuuren, 
Smits, & Donker, 2007; Yamaoka et al., 1998), although this was less clear in paediatric 
patient groups (De Clercq et al., 2004; Vollrath & Landolt, 2005). For neuroticism, studies 
on both adults and children consistently found a negative relation between neuroticism 
and QOL (e.g. De Clercq et al., 2004; Masthoff et al., 2007; Vollrath & Landolt, 2005). 
Conscientiousness was related to better QOL in most studies (De Clercq et al., 2004; Masthoff 
et al., 2007; Penedo et al., 2003), but not all (Van Straten et al., 2007). For agreeableness, 
also referred to as benevolence in studies on children, a positive relation was found as well 
(De Clercq et al., 2004; Penedo et al., 2003; Vollrath & Landolt, 2005). Less consistent 
results were found for openness to new experiences, also called imagination in childhood 
studies. Studies on children and young adolescents showed a positive relation between 
openness and some QOL measures (De Clercq et al., 2004; Vollrath & Landolt, 2005). 
However, in adult patient groups, studies found either a negative relation (Van Straten et al., 
2007), a positive relation (Penedo et al., 2003), or no relation (Masthoff et al., 2007). 
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In this thesis we2 will extend previous research on the roles of disease characteristics 
and psychological variables in QOL of adolescents with asthma. Furthermore, we will 
try to gain insight into the mechanisms that explain how these disease characteristics and 
psychological factors influence QOL. For instance, it is suggested that personality has an 
effect on QOL due to different coping styles and strategies (Wrosch & Scheier, 2003). If we 
know more about the underlying mechanisms that explain how disease characteristics and 
psychological variables affect QOL, interventions to improve the wellbeing of adolescents 
with asthma can be developed, evaluated, and subsequently implemented.  
Smoking in Adolescence (Part 2)
Healthy Adolescents
The prevalence of smoking
Smoking is usually initiated during adolescence and prevalence rates of smoking increase 
rapidly during that stage of life. Early smoking onset is a strong predictor of regular tobacco 
use in adulthood (Patton et al., 1998). A recent study showed that even smoking just one 
cigarette during adolescence is an important predictor of later smoking (Fidler, Wardle, 
Brodersen, Jarvis, & West, 2006). To prevent mortality and morbidity due to smoking later in 
life, it therefore is important to prevent smoking onset in adolescence. 
The World Health Organization estimates that about 1.3 billion people in the world 
smoke cigarettes or related tobacco products (WHO, 2003b). There is an overall decrease in 
smoking in industrialized countries, but smoking rates in the developing world are alarmingly 
rising (WHO, 2003b). Although the smoking rates in adults seem to be decreasing (Levy, 
Nikolayev, & Mumford, 2005), the prevalence is increasing among young people (Lantz, 
2003). In the European region, the prevalence of current daily smoking in those aged 15 
and older is estimated 28.6%. Among European adolescents, weekly smoking prevalence 
rates are 2% among 11-year-olds, 8% among 13-year-olds and 24% among 15-year-olds 
(WHO, 2007). 
Of Dutch adolescents aged between 10 and 19 years, 44% reported lifetime smoking, 
25% smoked in the previous 4 weeks, and 15% reported daily smoking (Stivoro, 2006). 
Smoking rates in the Netherlands increase most steeply between the ages of 12 and 16 (see 
Figure 2), and smoking rates have hardly changed since 1992 (Stivoro, 2006). 
2 In acknowledgement of the fact that this work was a collaborative endeavour, the plural “we” is used throughout this thesis.
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Figure 2. Prevalence of smoking among 10-19 year old Dutch adolescents (%) (Source: Stivoro, 2006).
Consequences of smoking
Tobacco is made from the dried leaves of tobacco plants (nicotiana), and contains nicotine. 
Tobacco is the drug with the highest risk of dependence after heroin and cocaine (e.g., Nutt, 
King, Saulsbury, & Blakemore, 2007). A large proportion of adolescent smokers become 
addicted to nicotine in adulthood (Patton, Coffey, Carlin, Sawyer, & Wakefield, 2006). 
Nicotine dependence makes it harder to quit smoking: although nicotine dependent smokers 
make more quit attempts compared to non-dependent smokers, they are less successful in 
staying abstinent (John, Meyer, Hapke, Rumpf, & Schumann, 2004). Nicotine dependence 
therefore will increase the risks of long-term smoking, which in turn is a risk factor for the 
development of tobacco related diseases and deaths.
Fifty per cent of the smokers will be killed by tobacco, making tobacco use the second 
cause of death worldwide (WHO, 2005). It is estimated that, of everybody alive today, 500 
million people will die as a result of smoking (Peto & Lopez, 2001). In the Netherlands, 
active smoking was responsible for 18,907 deaths among adults (aged 20 or over) in 2005, 
which is 42.3% of the total number of deaths (Stivoro, 2007). Smoking is a major risk factor 
for the development of lung cancer, chronic obstructive pulmonary disease (COPD), cardiac 
diseases, vascular diseases, and several other forms of cancer, although it may take 25 to 30 
years before these serious diseases develop (WHO, 2004). 
Predictors of smoking in adolescence
As shown, smoking is very prevalent among adolescents and associated with many long-term 
health risks. It is therefore important to study predictors of smoking onset and continuation in 
adolescents. Knowledge about predictors of smoking may help to design effective smoking 
prevention programmes, and may reduce mortality and morbidity caused by smoking. 
There is an abundance of literature on intrapersonal and interpersonal predictors of 
smoking in adolescents (e.g., see Conrad, Flay, & Hill, 1992; Petraitis, Flay, & Miller, 1995; 
Tyas & Pederson, 1998 for reviews). Two interpersonal factors that received most attention 
in the literature are parents and peers. Parents influence their offspring’s smoking onset and 
continuation by their own smoking behaviour (e.g., Otten, Engels, Van De Ven, & Bricker, 
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2007), through general parenting practices (e.g., Chassin et al., 2005), and through smoking-
specific parenting practices (e.g., Jackson & Henriksen, 1997). With regard to peers, studies 
have focused on best friends, peer groups, and romantic partners (e.g., Conrad et al., 1992; 
Fidler, West, Jarvis, & Wardle, 2006). These studies showed similarity in smoking behaviour 
between adolescents and peers, caused by both influence (i.e., peers function as models) and 
selection (i.e., adolescents select peers with similar smoking behaviour) processes. Besides 
interpersonal factors, individual factors influence adolescent smoking onset and continuation, 
including genes (Li, Cheng, Ma, & Swan, 2003), personality (Burt, Dinh, Peterson, & Sarason, 
2000; Otten, Van Den Eijnden, & Engels, in press), psychological wellbeing (Glendinning, 
2002; Wilkinson & Abraham, 2004), and smoking-specific cognitions (e.g., De Vries, Backbier, 
Kok, & Dijkstra, 1995). This latter one will be discussed in more detail below. 
Smoking-specific cognitions. According to social cognition models, people engage in certain 
behaviours because they have specific, positive opinions about these behaviours. One 
important social cognitive theory is the Theory of Planned Behaviour (TPB) (Ajzen, 1991), 
a modification on the Theory of Reasoned Action (Fishbein & Ajzen, 1975). According 
to the TPB (see Figure 3), behaviour can be predicted by three cognitive factors: attitude 
(cognitive-affective evaluations of the behaviour), perceived behavioural control (PBC) to 
perform certain behaviour3, and subjective norm (approval of that behaviour by significant 
others). These three cognitive factors predict intention to perform a behaviour, which predicts 
whether a person will indeed actually engage in that behaviour. In the case of smoking 
onset, adolescents who have a positive attitude towards smoking, a low PBC to refrain from 
smoking, and those who think that important others, such as parents and peers, will approve 
of smoking, will have a stronger intention to start smoking and, therefore, are more likely to 
take up smoking. 
Perceived
behavioral
control
BehaviorIntentionSubjectivenorm
Attitude
toward the
behavior
Figure 3. The Theory of Planned Behavior (Ajzen, 1991).
3 Perceived Behavioural Control and Self-efficacy are closely related concepts, and will be used interchangeably in this thesis. 
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Studies showed the TPB’s value in predicting smoking onset of adolescents (e.g., De Vries 
et al., 1995; Flay et al., 1994; Harakeh, Scholte, Vermulst, De Vries, & Engels, 2004; Huver, 
Engels, & De Vries, 2006), and research supported the assumption that smoking-related 
cognitions affect onset of smoking mainly via intentions (De Vries et al., 1995). Among the 
smoking-specific cognitions, perceived behavioural control was found to be the strongest 
predictor of smoking (e.g., Flay et al., 1994; Harakeh et al., 2004). Wilkinson and Abraham 
(2004) tested a model integrating many intrapersonal and interpersonal factors (such as 
sibling smoking, peer smoking, self esteem, smoking cognitions, parenting and personality) 
that are predictive of adolescent smoking. The results showed the importance of the smoking 
cognitions of the TPB in the prediction of smoking onset.
Predictors of Nicotine Dependence
As mentioned previously, one of the risks of adolescent smoking is that youngsters become 
addicted to nicotine. Several studies focused on risk factors of nicotine dependence. Many 
factors that predict smoking onset and continuation in adolescence were found to be 
predictive of nicotine dependence as well, including parental smoking, adolescent cannabis 
use, co-morbid psychiatric disorders, socio-demographics and genetic predisposition (e.g., Li, 
2006; Olsson et al., 2004; Patton, Coffey, Carlin, Sawyer, & Lynskey, 2005; Patton et al., 2006; 
Siahpush, McNeill, Borland, & Fong, 2006). Surprisingly, little attention has been given to 
adolescent smoking and quitting patterns as predictors of nicotine dependence in adulthood. 
There is some evidence that factors such as age of onset, duration of adolescent smoking, 
frequency of smoking, escalation rates and quitting attempts are related to nicotine dependence 
in adulthood (Dierker et al., 2007; DiFranza, Savageau et al., 2004; Karp, O’Loughlin, Paradis, 
Hanley, & Difranza, 2005; Schumann, Hapke, Meyer, Rumpf, & John, 2004; Xian et al., 2007). 
However, evidence supporting this is scarce. In this thesis we will study which patterns of 
adolescent smoking and quitting are predictive of nicotine dependence in young adulthood.
Adolescents with asthma
The prevalence of smoking
Several studies compared the prevalence of smoking of asthmatic adolescents with that of 
their peers without asthma. Surprisingly, most studies showed that smoking is more common 
among adolescents with asthma (Forero et al., 1996; Otten, Engels, & Van Den Eijnden, 
2007; Precht, Keiding, & Madsen, 2003; Zbikowski, Klesges, Robinson, & Alfano, 2002), 
i.e., they were 1.15 (Precht et al., 2003) to 2.55 (Forero et al., 1996) more likely to be daily 
smokers than adolescents without asthma. Among non-smokers, adolescents with asthma 
were found to be more likely to have the intention to start smoking within a year than non-
asthmatic adolescents (Zbikowski et al., 2002). However, among smokers, adolescents with 
asthma had higher odds to have made at least one quit attempt in the past year (Tercyak, 
2003). Some other studies found no differences in smoking rates of adolescents with and 
without asthma (Forero, Bauman, Young, & Larkin, 1992), or found that smoking was most 
common among those with a history of asthma rather than among those with current or no 
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asthma (Brook & Shiloh, 1993). A longitudinal study on smoking progression (smoking more 
frequently and/or intensely over time) showed no differences between adolescents with 
asthma and their healthy peers (Tercyak, 2006). 
Most of these studies, however, had a cross-sectional design. Although the results suggest 
that smoking onset is higher among adolescents with asthma, it is also possible that smoking 
rates are higher among adolescents with asthma because adolescents developed asthma after 
smoking initiation. Therefore, prospective studies are needed to determine the directionality 
of the relationship. There are only few prospective studies that shed a light on differences 
in smoking onset between adolescents with or without asthma. The prospective study of 
Tercyak (2006) did not show differences in smoking transitions between adolescents with 
and without asthma. Unfortunately, the sample of this study consisted of smoking and non-
smoking adolescents at baseline, and it did not differentiate between onset of smoking and 
other transitions in smoking behaviour. One cross-sectional study that retrospectively asked 
respondents for their age of smoking initiation and age of asthma onset (Oechsli, Seltzer, & 
van den Berg, 1987) showed that in 90% of the cases, onset of asthma preceded smoking 
initiation, which suggests that smoking onset is higher among adolescents with asthma. 
However, self-reports on age of onset of first tobacco use are not reliable in adolescents 
(Bailey, Flewelling, & Rachal, 1992; Engels, Knibbe, & Drop, 1997). Therefore, more research 
is needed to prospectively test the effects of asthma on smoking to determine whether the 
cross-sectional studies that found increased smoking rates can really be explained by a 
higher smoking onset of adolescents with asthma. 
The other explanation for the cross-sectional findings that smoking is more prevalent 
among adolescents with asthma is that active smoking increases the risk to develop asthma. 
Although the majority of prospective studies on the effects of active smoking on asthma 
development suggest that active smoking increases the risk of asthma, other prospective 
studies found no such associations (Ronmark et al., 1997; Vesterinen, Kaprio, & Koskenvuo, 
1988). Only few of these studies were conducted among adolescents, and contradictory 
results were found for this age group as well (Genuneit et al., 2006; Gilliland et al., 2006; 
Larsson, 1995; Ulrik, Backer, Hesse, & Dirksen, 1996). In this thesis we will test the 
directionality of the relationship between asthma and smoking. Do adolescents with asthma 
start smoking more often than adolescents without asthma, does the risk of developing 
asthma increase after smoking initiation, or are there effects in both directions? 
Consequences of smoking
Smoking (of the datura plant) was used to treat asthma in the seventeenth century (Gandevia, 
1975). A lot has changed since, and harmful effects of both passive and active smoking 
on asthma have been frequently documented. Although some studies on the effects of 
active smoking on the development of asthma provided contradictory results (Ronmark et 
al., 1997; Thomson, Chaudhuri, & Livingston, 2004; Vesterinen et al., 1988), most studies 
showed the adverse effects of smoking in people with asthma (see review by Thomson et 
al., 2004). Smoking increases the frequency and severity of symptoms of asthma (Althuis, 
Sexton, & Prybylski, 1999; Siroux, Pin, Oryszczyn, Le Moual, & Kauffmann, 2000). Smokers 
with asthma need more rescue medication (Gallefoss & Bakke, 2003), make more visits to 
20
____  Chapter 1  ______________________________________________________________________________
emergency departments, and have increased 6-year mortality rates after a near-fatal asthma 
attack (Marquette et al., 1992). Among those with asthma, smokers have an accelerated 
decline in lung function (FEV1) (Lange, Parner, Vestbo, Schnohr, & Jensen, 1998) and an 
increased risk of developing COPD (George, 1999). QOL is reduced in smokers with asthma 
compared to non-smokers with asthma (Austin, Selvaraj, Godden, & Russell, 2005), and 
smoking reduces the effects of corticosteroid treatment (Chalmers et al., 2002).
Given the increased health risks of smoking in people with asthma, and the fact that 
most smokers start during adolescence, there is a need to understand why adolescents with 
asthma start smoking despite these increased health risks. 
Predictors of smoking
Surprisingly, there is hardly any study on smoking predictors of adolescents with asthma. 
It was not until 2002 that the first study on risk factors of smoking in adolescents with 
asthma was published (Zbikowski et al., 2002). Since then, a few studies have been added 
to the literature on this topic. Scholars investigated which factors that are known to predict 
smoking among healthy adolescents are also predictive of smoking among adolescents with 
asthma. These studies will be discussed below. 
With regard to smoking behaviour of the social environment, studies found that adolescents 
with asthma more often have parents and siblings who smoke (Otten, Engels, & Van Den 
Eijnden, 2005, 2007; Otten, Van Den Eijnden et al., in press), but the proportion of smoking 
friends and the smoking behaviour of the best friend is not different for adolescents with 
and without asthma (Otten, Van Den Eijnden et al., in press). Thus adolescents with asthma 
are similarly surrounded by peers who smoke, but are more often surrounded by smoking 
family members, which could be caused by a higher asthma incidence in families in which 
parents are smokers (DiFranza, Aligne, & Weitzman, 2004). But are they also differentially 
influenced by the smoking behaviour of their social environment4?
Several studies compared the roles of parental, sibling, and peer smoking in the smoking 
behaviour of adolescents with and without asthma. Although some differences in the effects 
of friends’ smoking and pressure to smoke were found in one recent study (Precht, Keiding, 
Nielsen, & Madsen, 2006), most studies found that parental, sibling, and peer smoking were 
similarly related to smoking behaviour in adolescents with and without asthma (Otten et 
al., 2005; Otten, Engels, & Van Den Eijnden, 2007; Otten, Van Den Eijnden et al., in press; 
Tercyak, 2003, 2006; Zbikowski et al., 2002). Similar results were found for the relation 
between general parenting practices and smoking in adolescents with and without asthma: 
even though adolescents with asthma perceived their parents as more strict and involved, 
the relation between parenting and smoking was not different for adolescents with and 
without asthma (Otten, Engels, & Van Den Eijnden, 2007). With regard to smoking-specific 
parenting practices, except for being allowed by parents to smoke indoors, which is stronger 
related to smoking onset in adolescents with current asthma, most associations between 
smoking-specific parenting and adolescent smoking did not differ for those with and without 
asthma (Otten, Engels, & Van Den Eijnden, 2007).
4 The role of environmental factors, as well as the role of personality and depressive symptoms in smoking behaviour of adolescents 
with asthma was studied in a doctoral thesis using the same dataset (Otten, 2007). 
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Overall, most studies on environmental factors suggest that adolescents with asthma more 
often have smokers in their social environment (parents and siblings), but the influence of 
parents, siblings, and peers on smoking onset is similar for adolescents with and without 
asthma. Other factors that are known to predict smoking among healthy adolescents were 
studied in adolescents with asthma as well, such as BMI, rebelliousness, personality, stress, 
depressive symptoms, autonomy, social support, perceived accessibility of cigarettes, and 
the perceived value of smoking, which can be regarded as an attitude towards smoking 
(Otten, van de Ven et al., in press; Otten, Van Den Eijnden et al., in press; Tercyak, 2003, 
2006; Zbikowski et al., 2002). For most of these factors, no differences were found in the 
strength of the relationship between these factors and adolescent’s smoking for those with 
and without asthma. However, a difference was found in a smoking-specific cognition, i.e., 
in the belief that smoking was relaxing (Zbikowski et al., 2002). This shows that adolescents 
with asthma might differ from adolescents without asthma with regard to the relation 
between smoking-specific cognitions and smoking behaviour. This will be further explored 
in this thesis.  
Smoking-specific cognitions. Among the general population of adolescents, smoking-specific 
cognitions are important precursors of smoking behaviour, but except for the abovementioned 
study (Zbikowski et al., 2002), no study had yet tested whether the associations between 
smoking-specific cognitions and smoking behaviour are different for adolescents with and 
without asthma. Besides the results of Zbikowski and colleagues, there are two additional 
reasons to expect that smoking-specific cognitions are more strongly related to smoking in 
adolescents with asthma compared to their non-asthmatic peers. Firstly, the performance of 
social cognitive theories in predicting behaviour is different in different cultures, and it is 
suggested that this is explained by cultural beliefs of how “a person like me” should behave 
(Godin, Maticka Tyndale, Adrien, Manson Singer, et al., 1996). We expected that the norms 
of society about smoking were less approving for adolescents with asthma, therefore the 
effects of smoking-specific cognitions might be stronger since adolescents with asthma feel 
“a person like me” should not smoke. Secondly, studies found that the relations between 
cognitions and behaviour were stronger when cognitions were more accessible from 
memory, more stable over time, and more certain, and when people were more involved 
(Cooke & Sheeran, 2004). We expected that adolescents contemplate more on smoking 
because of their condition and the health risks of smoking, which makes the cognitions 
more accessible, stable, relevant and certain. We therefore expected stronger effects of 
smoking-specific cognitions on smoking behaviour in adolescents with asthma. 
In this thesis we will use cross-sectional and longitudinal designs to compare the mean 
levels of several smoking-specific cognitions (attitudes, perceived behavioural control, 
subjective norm, intention, perceived prevalence of smoking, and risk perceptions), as 
well as relations between these smoking-specific cognitions and smoking behaviour in 
adolescents with and without asthma. 
Asthma-specific factors. As shown above, few studies have investigated the roles of general 
factors, i.e. factors that are known to predict smoking in the general population, among 
adolescents with asthma. Most findings suggest that the reasons to start smoking are similar 
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for adolescents with and without asthma. However, by studying these general factors in 
youth with asthma, one important category of possible predictors of smoking is completely 
lacking, namely asthma-specific factors, such as the various ways in which adolescents cope 
with asthma, QOL, and attitudes towards asthma. The potential role of these asthma-specific 
factors in predicting smoking onset of adolescents with asthma has been largely ignored in the 
literature. However, research in both healthy populations and in populations of patients with 
other illnesses suggests that also disease-specific factors could play a role in smoking. 
For example, a study by Wills, Sandy, Yaeger, Cleary, & Shinar (2001) found that coping was 
related to substance use (tobacco, alcohol, marijuana) in healthy adolescents. Behavioural 
coping (making and following an action plan) was related to lower substance use and 
‘disengagement coping’ (e.g. anger coping or helpless coping) was related to higher levels 
of use. In this study, we wanted to examine whether coping is also related to smoking onset 
among adolescents with asthma by measuring the ways of coping with asthma. 
Other studies showed that QOL and smoking are related (e.g., Wilson, Parsons, & Wakefield, 
1999), although it is assumed that smoking predicts a reduction in QOL instead of low QOL 
being a predictor of smoking onset (Mitra, Chung, Wilber, & Klein Walker, 2004). However, 
since QOL is a concept related to depressive symptoms, which is a predictor of smoking 
among adolescents with asthma (Bush et al. 2007), this thesis examines whether low QOL 
also is a predictor of smoking onset among adolescents with asthma. 
Medication use is also related to smoking in adolescents with asthma. Adolescents with 
symptoms who were not using medicine were twice as likely to smoke compared to adolescents 
without symptoms who were using their medicine (Precht et al. 2003), and smokers more often 
needed to use their rescue medication, but were less likely to use controller medication (Bush 
et al. 2007). We expected, in line with Precht and colleagues (2003), that adolescents who are 
not taking their medication (i.e., who have low adherence) are more likely to smoke. 
Although these results are based on cross-sectional studies, and it is thus not possible to 
interpret the direction of these relations, the abovementioned studies suggest that coping, 
QOL, and adherence are related to smoking in adolescents with asthma. For smoking 
prevention programmes it is important to know which asthma-specific factors are predictors of 
smoking in this group of adolescents in which smoking has increased health risks. Therefore, 
we conducted a prospective study in which we will test whether these and some other asthma-
specific factors are predictive of smoking onset among adolescents with asthma. 
Objectives of this thesis
The main objective of this thesis is to study wellbeing and smoking of adolescents with 
asthma. These adolescents have to cope with the usual challenges of this developmental 
period, but have additional problems they need to cope with due to their chronic illness. 
In this thesis we will focus on both psychological wellbeing and a health behaviour that 
is common among adolescents in general, but more harmful for adolescents with asthma, 
namely smoking. More specific research questions are:
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Part 1
1. What is the prevalence of asthma and other atopic diseases in Dutch adolescents, and 
how are these prevalence figures related with several socio-demographic and individual 
characteristics? (Chapter 2)
2. How are personality and symptom severity related with QOL of adolescents with asthma? 
(Chapters 3 and 4) 
3. What is the role of coping strategies in the relation between symptom severity and QOL 
of adolescents with asthma? (Chapter 3)
4. What is the role of coping strategies and reported symptoms in the relation between 
personality and QOL of adolescents with asthma? (Chapter 4)
Part 2
5. Which smoking and quitting patterns in adolescence predict nicotine dependence in 
young adulthood? (Chapter 5)
6. What is the directionality in the relationship between asthma and smoking in adolescents? 
(Chapter 6)
7. Do adolescents with asthma differ from non-asthmatic adolescents with respect to 
smoking-specific cognitions? (Chapters 7 and 8)
8. Is the relation between smoking-specific cognitions and smoking behaviour similar for 
adolescents with and without asthma? (Chapters 7 and 8)
9. Which asthma-specific factors are related to actual smoking onset in adolescents with 
asthma? (Chapter 9)
Overview of this thesis
Part 1
Chapter 2 describes a cross-sectional study among a community sample of Dutch adolescents 
to assess the prevalence of asthma, allergic rhinitis, and eczema, as well as the prevalence of 
symptoms of these three atopic diseases. We tested how these symptoms and diseases were 
related to several socio-demographic and individual factors (gender, age, education level, 
ethnicity, Body Mass Index (BMI), and residential area). This cross-sectional study is part of 
the third wave of the International Study of Asthma and Allergies in Childhood (ISAAC) in 
which we participated as one of the 281 centres (in 104 countries).
The next two chapters will discuss two studies on factors related to QOL of adolescents 
with asthma. In both studies only adolescents with current asthma were included in the 
analyses. In Chapter 3 we will examine the role of coping strategies as well as severity of 
symptoms in QOL. Furthermore, we tested a path-model in which severity of symptoms was 
indirectly related to QOL via coping strategies. Chapter 4 describes the relation between 
personality and QOL of adolescents with asthma. Moreover, we will discuss two possible 
explanations for the relation between personality and QOL. Personality may influence QOL 
by the way adolescents approach and react to asthma-related problems. However, it is also 
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possible that adolescents with certain personality traits have a higher tendency to see and 
report symptoms, resulting in reduced QOL. In this chapter we tested the indirect relations 
between personality and QOL via coping strategies and reported symptoms.
Part 2
In the second part of this thesis we will focus on smoking behaviour. For adolescents with 
asthma, prevention of the development of nicotine dependence is extremely important, since 
the health risks of smoking, especially long-term smoking, are increased for them. Many 
youngsters, including those with asthma, experiment with smoking during adolescence, but 
only part of these youngsters will develop nicotine dependence later in life. How can we 
prevent the development of nicotine dependence among adolescent smokers? Chapter 5 
describes which smoking and quitting patterns during adolescence are predictive of nicotine 
dependence in young adulthood, using the data of a 10-year, 8-wave cohort study among a 
community sample of adolescents. The relation between smoking and quitting patterns was 
tested among all smokers, as well as in subgroups of non-daily and daily smokers.
The bi-directionality of the relationship between asthma and smoking is discussed in 
Chapter 6. Several cross-sectional studies report that smoking is more common among 
adolescents with asthma. The longitudinal study described in Chapter 6 aimed to examine 
whether these cross-sectional results are caused by higher smoking onset among adolescents 
with asthma, or by the development of asthma after smoking initiation.
In Chapters 7 and 8 we tested one of the most influential theories on smoking behaviour, 
the TPB, among adolescents with and without asthma. The cross-sectional study described in 
Chapter 7 tested the relation between attitude, PBC, subjective norm, perceived prevalence 
of smoking, and risk perceptions of smoking on the one hand and smoking behaviour on 
the other. Furthermore, we tested whether these relations differed between adolescents 
with and without asthma. The findings of this chapter showed that some of the relations 
between pro-smoking cognitions and smoking behaviour were stronger among adolescents 
with asthma. However, this does not necessarily mean that these cognitions are a stronger 
predictor of smoking in adolescents with asthma, since cross-sectional results cannot rule 
out the possibility that adolescents with asthma developed more pro-smoking cognitions 
after smoking initiation. Therefore, we tested the predictive value of the TPB in adolescents 
with and without asthma again using a longitudinal design. The results of this study with an 
18-month interval between waves are described in Chapter 8. 
In Chapter 9, we tested whether asthma-specific factors were related to smoking onset in 
adolescents with asthma. The results of this longitudinal study are described in Chapter 9. 
Among a sample of adolescents who reported current asthma, we explored the associations 
between symptom severity, medication adherence, quality of life (QOL), attitude towards 
asthma, and coping strategies on the one hand, and smoking onset on the other. 
The last chapter of this thesis (Chapter 10) provides a summary of the findings of these 
studies. The limitations of these studies will be discussed, as well as implications for future 
research and implications for practice. Hopefully, the work in this thesis provides us with 
more knowledge about and understanding of the challenges adolescents with asthma face, 
in order to improve their quality of life and health.
Part  1
Asthma in adolescence
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Abstract
The aim of the present study was to gain insight into the prevalence of asthma, allergic 
rhinitis, and eczema among Dutch early adolescents, and to study the impact of several 
social-demographic and individual risk factors. 
A cross sectional survey study using the self-report questionnaires of the International 
Study of Asthma and Allergies in Childhood (ISAAC) was conducted. In January 2003, 
10,087 12-14 year old students from 33 secondary schools in four regions of the Netherlands 
participated in this study.
Of all participants, 52.6% reported that they had an allergic disease at least once in their 
lifetime. The 12-months prevalence of wheezing, rhinitis, and itchy rash was 12.3%, 28.3%, 
and 13.5%, respectively. Several social-demographic and individual factors (gender, age, 
education levels, ethnicity, Body Mass Index (BMI), and residential area) were significantly 
associated with the atopic symptoms and diseases. 
This study showed that allergic conditions are common in the Netherlands. Several social-
demographic and individual risk factors were related to the atopic diseases and symptoms
Introduction
Worldwide, asthma and allergies are common among children and adolescents (ISAAC 
Steering Committee, 1998a, 1998b; Strachan et al., 1997; Williams et al., 1999), and the 
prevalence of these atopic diseases appears to increase (Burney, Chinn, & Rona, 1990; 
Burr, Butland, King, & Vaughan-Williams, 1989; Maziak et al., 2003; Van Moerbeke, 1997). 
Despite considerable research on the aetiology of atopic diseases, it is not well understood 
why the prevalence rates are rising. A comparison of prevalence figures in different regions 
and countries may help to gain insight into the factors contributing to this rising trend. 
The International Study of Asthma and Allergies in Childhood (ISAAC) was developed 
to provide a standardized methodology and a standardized questionnaire to compare the 
prevalence of atopic diseases, both within and between countries, and across time (Asher 
et al., 1995). As one of the 281 centres (in 104 countries) participating in the third phase of 
ISAAC, we contribute to this international comparative study by determining the prevalence 
of atopic diseases among 12-14 year old Dutch adolescents. The present study is the first 
Dutch study on the prevalence of atopic conditions among a nationwide and large sample 
of early adolescents. Having this large sample makes it possible to reliably measure the 
associations between several factors and atopic symptoms. 
This article describes the prevalence figures of atopic diseases among Dutch early 
adolescents and the results will be compared with previous prevalence data of other 
Western-European countries. Furthermore, associations between atopic symptoms and 
several possibly related individual and social-demographic factors are also taken into 
consideration. 
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Method
This study was approved by a medical ethics committee (CMO Arnhem-Nijmegen). 
Sampling and data collection
Thirty-three secondary schools participated in this study. Schools in four regions of the 
Netherlands were randomly selected and approached for participation. According to the 
ISAAC protocol (ISAAC, 1993), if a school refused participation, the school was replaced by 
another randomly selected school. A total of 22 schools refused participation. Head masters 
were asked why they did not want to participate and reasons not to participate always 
referred to involvement in other studies. The majority of head masters provided us with 
information about the nature of these studies and the schools were not selected for those 
other studies because of asthma-related problems (e.g. problems with indoor environment). 
However, for some schools we do not have information about the nature of these other 
studies, so there is a potential risk that some of these schools that did not participate in our 
study, were selected for other studies because of health-related (and possibly asthma-related) 
problems. Therefore, a small selection bias on the school level cannot be ruled out.
In January 2003, all first-grade and second-grade students of the participating secondary 
schools filled out a written questionnaire during school hours, under supervision of a 
teacher. The first and second school years were selected because of the high proportion 
of children aged 12-14. All teachers received instructions about the procedure and how to 
handle questions from the students. Furthermore, they were asked to remind the students of 
the confidentiality and to note which students were absent and why. To increase motivation, 
the instruction for the students mentioned that CD gift vouchers would be raffled among 
students who had filled out their questionnaire seriously.
Of the 11,124 students on the participating schools, 10,147 (91.2%) filled out the 
questionnaire. Of the remaining 977 students, 440 students were absent during the measurement 
day, 15 students refused to fill out the questionnaire, 67 students had left school during the 
three months between contacting the schools and data collection, and from 455 students the 
reason for their non-response was unknown. Although attrition rates are low, a small selective 
attrition bias might have occurred. Because most teachers only wrote down that students were 
absent and did not note why, we cannot determine how many students were absent due to 
asthma or allergies.  Furthermore, the data of 60 respondents were excluded from analyses 
because their questionnaires were incomplete or inconsistent. For this report, only the data of 
the respondents aged 12-14 years (i.e. 96% of the sample) were used, resulting in a sample of 
9713 respondents. Table 1 shows the characteristics of the early adolescents in this study.  
Measures
A Dutch translation (Wieringa, Weyler, Van Bever, Nelen, & Vermeire, 1999) of the validated 
ISAAC written self-report questionnaire for 13-14 year olds was used in this study. The 
questionnaire contained standard questions about the prevalence and severity of asthma, 
rhinitis, and eczema. The optional video questionnaire is not used in the present study. A few 
studies have compared the results of the written questionnaire with the video questionnaire, 
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Table 1. C
rude prevalence rates of sym
ptom
s and diagnosis of asthm
a, hay fever, and eczem
a.
N (%)
Asthma ever
Wheeze ever
Wheeze 1
≥4 attacks of wheeze 1
Sleep disturbance by wheeze 1
Wheeze limiting Speech  1
Exercise-induced wheeze 1
Nocturnal cough 1
Hay fever ever
Rhinitis ever
Rhinitis 1
Rhinoconjunctivitis 1,2
Rhinitis affecting daily activities 1
Eczema ever
Itchy rash ever
Itchy rash 1
Itchy flexural rash  1,3
Clearance of rash 1
Sleep disturbance by rash 1 
Total
9713
12.9
22.6
12.3
4.0
4.5
2.2
14.4
24.8
23.4
38.3
28.3
9.3
16.7
37.1
21.0
13.5
8.9
9.1
4.1
G
ender
B
oys
4727 (48.8)
13.9
20.5
11.0
3.7
3.7
1.6
11.9
21.0
22.8
33.8
24.5
7.3
14.4
33.4
16.8
10.1
6.3
7.2
2.4
G
irls
4969 (51.2) 
12.0
24.6
13.5
4.4
5.2
2.8
16.8
28.4
23.8
42.6
31.9
11.1
19.0
40.6
24.9
16.8
11.3
11.0
5.7
A
ge
12
2846 (29.3)
12.6
21.9
11.9
3.8
4.2
2.5
15.1
23.7
22.5
38.8
28.1
8.4
16.6
38.9
21.0
13.6
9.0
9.0
4.4
13
4679 (48.2)
12.7
22.3
12.0
3.9
4.1
1.9
13.9
24.3
22.7
38.0
27.8
9.0
16.6
37.0
20.5
12.8
8.3
8.4
3.7
14
2188 (22.5)
13.7
24.2
13.4
4.7
5.6
2.5
14.7
27.2
26.0
38.5
29.5
10.9
17.3
35.1
22.1
14.9
9.9
10.9
4.6
Education 
Low
3671 (38.7)
13.8
23.4
12.7
4.4
5.7
2.1
13.7
28.1
23.6
41.2
29.1
9.8
19.4
36.7
19.7
12.1
8.2
8.6
4.3
M
iddle
1927 (20.3)
12.7
23.6
12.9
3.7
4.4
2.4
15.1
25.6
24.7
40.3
30.6
10.5
18.1
36.4
21.9
14.6
9.7
10.1
4.6
H
igh
3892 (41.0)
12.2
21.5
11.6
3.8
3.4
2.1
15.0
21.3
22.6
34.8
26.5
8.2
13.7
37.7
21.9
14.4
9.1
9.3
3.7
Ethnicity 
D
utch
7665 (80.7)
12.9
22.7
12.0
4.0
4.4
2.2
14.6
23.9
22.6
38.1
28.1
9.1
16.3
38.4
21.1
13.5
8.8
9.3
4.0
Surinam
ese/A
ntillean
386 (4.1)
12.0
24.0
14.7
5.3
5.6
2.1
12.5
34.5
38.2
47.1
34.0
13.0
20.5
45.7
28.9
19.8
14.4
12.2
7.7
Turkish/M
oroccan
424 (4.5)
10.6
17.5
10.3
3.2
4.9
1.5
9.4
31.1
20.4
37.7
26.9
8.7
17.8
21.7
15.9
9.7
7.3
6.5
4.1
O
ther
1023 (10.8)
15.1
24.4
15.3
4.8
5.7
2.4
16.0
26.2
25.5
38.0
28.5
10.0
18.9
30.6
20.0
12.7
8.1
8.4
4.2
B
M
I
N
o overw
eight
7924 (91.0)
12.3
22.2
12.1
3.9
4.4
2.1
14.4
24.7
23.7
38.0
28.0
9.3
16.6
37.0
20.9
13.7
8.9
9.1
4.2
O
verw
eight
782 (9.0)
17.5
27.8
14.1
5.2
5.3
3.0
17.7
28.3
22.4
42.4
30.6
9.7
18.1
39.4
22.3
13.6
8.8
9.8
4.4
R
esidential area
R
ural
4630 (50.5)
12.3
21.9
11.5
3.6
4.3
2.0
14.1
22.9
22.8
37.2
27.3
8.6
16.3
38.2
20.5
13.0
8.3
8.8
3.8
U
rban
4065 (44.3)
13.4
22.7
12.3
4.2
4.3
2.3
14.3
26.0
23.6
38.4
28.7
9.8
16.5
35.9
21.6
14.4
9.7
9.9
4.6
Industry
475 (5.2)
14.3
26.6
16.1
5.8
7.1
2.8
16.3
29.1
24.7
43.0
31.9
11.9
22.5
36.6
21.6
11.8
8.1
6.2
4.5
A
ll num
bers (except for N
) represent percentages
1 in the past 12 m
onths  
2 rhinoconjunctivitis =
 rhinitis accom
panied by itchy, w
atery eyes 
3 flexural rash =
 rash affecting the folds of elbow
s or knees, in front of the ankles, under the buttocks, or around the neck, ears, or eyes
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and found that adolescents report lower prevalence rates of symptoms of asthma with the 
video questionnaire (Crane, Mallol, Beasley, Stewart, & Asher, 2003; Pizzichini et al., 2000; 
Wieringa et al., 1999). Although the two types of questionnaires are highly correlated and 
the overall proportion of agreement is high, there is limited agreement as measured by 
the kappa coefficient between the two questionnaires. This disagreement shows variation 
between countries and centres, and can not be explained by differences in language, culture 
or literacy (Crane et al., 2003; Pizzichini et al., 2000; Wieringa et al., 1999).  
Additional questions on gender, age, education level, height, weight, and residential area 
were also included. Residential area was assessed with a single item: Which statement describes 
your neighbourhood best: (1) rural area, (2) urban area, or (3) (area close to an) industrial 
area. Educational level was also assessed with a single item (What educational level are you 
in?) on an 11-point scale ranging from (1) special education (LWOO) to (11) preparation for 
University (VWO). The respondents were divided into three groups: low (level 1-3), middle 
(level 4-7) and high (level 8-11). The information on height and weight was used to calculate 
BMI (kg/m2). According to the international cut off points for overweight (Cole, Bellizzi, Flegal, 
& Dietz, 2000), the respondents were divided in a group with overweight and a group without 
overweight. Respondents were also asked about their country of birth and that of their parents. 
A distinction was made between a group with a Dutch ethnic background (respondents who 
were born in the Netherlands and whose parents were born in the Netherlands) and a non-
Dutch ethnic background. The four largest immigrant groups in the Netherlands are comprised 
of people from Turkey, Morocco, the Netherlands Antilles and Surinam. For the analyses, the 
adolescents with a non-Dutch background were subdivided in three groups ‘Surinamese/
Antillean’, ‘Turkish/Moroccan’ or ‘other country of origin’. 
Statistical analysis
Data were analysed using the statistical package for the social sciences (SPSS) for Windows, 
version 11.0. Crude prevalence rates where calculated for the total group of respondents, as 
well as for different groups with regard to gender, age, educational level, ethnic background, 
BMI, and residential area. Multivariate logistic regression models where used to analyse 
the pure associations between those social-demographic and individual factors and the 
prevalence of atopic diseases and symptoms. 
Results
Slightly more than half of the adolescents, that is 52.6%, suffered from at least one atopic 
disease at some point in their lives. With regard to current symptoms, 38.3% suffered from 
atopic symptoms (wheezing, rhinitis or itchy rash) in the past year. Of all respondents, 
26.8% suffered from one of these symptoms, 9.4% reported two of those symptoms, and 
2.2% reported they had suffered from wheezing, rhinitis and an itchy rash in the past year. 
The crude prevalence rates for asthma, hay fever, eczema, and their symptoms are shown 
in Table 1. The results of the multivariate logistic regression analyses are given in Table 2-4 
(odds ratios, p-values and 95% confidence intervals).
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Table 2. Effects of m
ultiple variables on the prevalence rates of sym
ptom
s and diagnosis of asthm
a
A
sthm
a  
ever
W
heeze  
ever
W
heeze 1
≥4 attacks of  
w
heeze 1
Sleep disturbance  
by w
heeze 1
W
heeze lim
iting 
speech 1
Exercise-induced 
w
heeze 1
N
octurnal cough 1
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
G
ender
.014
a
.000
a
.000
a
.034
a
.004
a
.000
a
.000
a
.000
a
B
oys
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
G
irls
0.85
.014
b
0.74-0.97
1.30
.000
b
1.17-1.45
1.31
.000
b
1.14-1.50
1.28
.034
b
1.02-1.62
1.38
.004
b
1.11-1.71
2.04
.000
b
1.47-2.84
1.56
.000
b
1.38-1.78
1.49
.000
b
1.34-1.66
A
ge
.975
a
.421
a
.533
a
.202
a
.095
a
.518
a
.646
a
.268
a
12
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
13
0.98
.825
b
0.84-1.15
1.03
.629
b
0.91-1.17
1.04
.668
b
0.88-1.22
1.13
.402
b
0.85-1.49
0.94
.663
b
0.73-1.22
0.84
.329
b
0.59-1.20
0.98
.735
b
0.84-1.13
1.05
.466
b
0.93-1.19
14
0.99
.931
b
0.82-1.20
1.11
.197
b
0.95-1.29
1.12
.269
b
0.92-1.36
1.34
.076
b
0.97-1.85
1.25
.131
b
0.94-1.68
1.01
.974
b
0.66-1.54
1.05
.569
b
0.88-1.26
1.13
.107
b
0.97-1.31
Education 
.402
a
.343
a
.251
a
.804
a
.002
a
.550
a
.187
a
.000
a
Low
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
M
iddle
0.99
.951
b
0.83-1.20
1.02
.783
b
0.88-1.18
1.02
.832
b
0.85-1.23
0.91
.577
b
0.66-1.26
0.81
.143
b
0.60-1.08
1.19
.417
b
0.78-1.80
1.14
.140
b
0.96-1.37
0.80
.002
b
0.69-0.92
H
igh
0.91
.216
b
0.78-1.06
0.93
.244
b
0.82-1.05
0.89
.166
b
0.76-1.05
0.93
.576
b
0.71-1.21
0.64
.000
b
0.49-0.82
0.95
.791
b
0.66-1.37
1.13
.100
b
0.98-1.31
0.68
.000
b
0.60-0.76
Ethnicity 
.004
a
.017
a
.002
a
.217
a
.216
a
.632
a
.010
a
.000
a
D
utch
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
Surinam
ese/ 
A
ntillean
0.91
.618
b
0.63-1.32
1.15
.319
b
0.87-1.52
1.44
.031
b
1.03-2.00
1.37
.243
b
0.81-2.34
1.43
.177
b
0.85-2.40
0.96
.915
b
0.44-2.10
0.94
.704
b
0.67-1.31
1.61
.000
b
1.24-2.08
Turkish/ 
M
oroccan
0.61
.013
b
0.41-0.90
0.65
.005
b
0.48-0.88
0.70
.073
b
0.47-1.03
0.64
.198
b
0.32-1.26
0.83
.534
b
0.47-1.48
0.51
.190
b
0.19-1.40
0.51
.001
b
0.34-0.76
1.38
.010
b
1.08-1.76
O
ther
1.29
.017
b
1.05-1.58
1.09
.367
b
0.91-1.29
1.32
.010
b
1.07-1.63
1.22
.262
b
0.86-1.74
1.29
.125
b
0.93-1.80
0.98
.930
b
0.59-1.62
1.03
.790
b
0.84-1.26
1.21
.029
b
1.02-1.43
B
M
I
.000
a
.000
a
.049
a
.061
a
.191
a
.093
a
.001
a
.053
a
N
o overw
.
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
O
verw
eight
1.54
.000
b
1.25-1.90
1.43
.000
b
1.20-1.70
1.25
.049
b
1.00-1.57
1.41
.061
b
0.99-2.01
1.26
.191
b
0.89-1.77
1.51
.093
b
0.93-2.44
1.44
.001
b
1.17-1.76
1.19
.053
b
1.00-1.42
R
esidential 
area
.234
a
.044
a
.019
a
.059
a
.038
a
.256
a
.182
a
.001
a
R
ural
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
U
rban
1.12
.108
b
0.98-1.29
1.05
.369
b
0.94-1.18
1.03
.717
b
0.89-1.19
1.16
.226
b
0.91-1.49
0.95
.687
b
0.76-1.20
1.18
.313
b
0.85-1.64
0.97
.698
b
0.85-1.11
1.13
.035
b
1.01-1.26
Industry
1.15
.360
b
0.85-1.54
1.34
.013
b
1.06-1.69
1.50
.005
b
1.13-1.98
1.69
.022
b
1.08-2.65
1.62
.019
b
1.08-2.43
1.62
.128
b
0.87-3.02
1.27
.093
b
0.96-1.67
1.46
.001
b
1.17-1.78
N
ote. O
R
 =
 odds ratio, 95%
 C
I =
 95%
 confidence interval. ‘B
oys’, ‘A
ge 12’, ‘Education Low
’, ‘D
utch’, ‘N
o overw
eight’, and ‘R
ural’ are reference groups. 
1 in the past 12 m
onths,  a p-value for the factor, b p-value for the individual odds ratios
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Table 3. Effects of m
ultiple variables on the prevalence rates of sym
ptom
s and diagnosis of hay fever
H
ay fever ever
R
hinitis ever
R
hinitis 1
R
hinoconjunctivitis 1
R
hinitis affecting daily activities 1
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
G
ender
.171
a
.000
a
.000
a
.000
a
.000
a
B
oys
1.00
1.00
1.00
1.00
1.00
G
irls
1.08
.171
b
0.97-1.20
1.49
.000
b
1.36-1.64
1.47
.000
b
1.33-1.63
1.66
.000
b
1.42-1.95
1.41
.000
b
1.26-1.60
A
ge
.013
a
.527
a
.900
a
.075
a
.607
a
12
1.00
1.00
1.00
1.00
1.00
13
1.02
.779
b
0.90-1.15
0.95
.368
b
0.85-1.06
0.99
.863
b
0.88-1.11
1.12
.248
b
0.93-1.34
0.98
.769
b
0.85-1.13
14
1.22
.009
b
1.05-1.42
0.93
.290
b
0.82-1.06
1.02
.786
b
0.89-1.18
1.29
.023
b
1.04-1.60
0.92
.335
b
0.76-1.07
Education 
.614
a
.000
a
.008
a
.048
a
.000
a
Low
1.00
1.00
1.00
1.00
1.00
M
iddle
1.04
.616
b
0.90-1.20
0.92
.183
b
0.81-1.04
1.04
.540
b
0.91-1.20
1.03
.771
b
0.84-1.27
0.89
.153
b
0.74-1.02
H
igh
0.97
.594
b
0.86-1.09
0.74
.000
b
0.66-0.82
0.87
.015
b
0.77-0.97
0.83
.038
b
0.69-0.99
0.65
.000
b
0.56-0.74
Ethnicity 
.000
a
.024
a
.043
a
.043
a
.006
a
D
utch
1.00
1.00
1.00
1.00
1.00
Surinam
ese/ A
ntillean
1.94
.000
b
1.51-2.50
1.43
.004
b
1.12-1.82
1.33
.028
b
1.03-1.71
1.54
.015
b
1.09-2.19
1.48
.009
b
1.12-2.00
Turkish/ M
oroccan
0.80
.114
b
0.60-1.06
0.91
.419
b
0.72-1.15
0.80
.096
b
0.62-1.04
0.79
.261
b
0.52-1.19
0.92
.583
b
0.67-1.23
O
ther
1.14
.130
b
0.96-1.36
1.00
.976
b
0.86-1.16
0.99
.903
b
0.84-1.17
1.13
.342
b
0.88-1.44
1.27
.013
b
1.04-1.50
B
M
I
.621
a
.025
a
.065
a
.461
a
.324
a
N
o overw
.
1.00
1.00
1.00
1.00
1.00
O
verw
eight
0.95
.621
b
0.79-1.15
1.20
.025
b
1.02-1.41
1.17
.065
b
0.99-1.39
1.10
.461
b
0.85-1.44
1.11
.324
b
0.90-1.34
R
esidential area
.891
a
.014
a
.042
a
.038
a
.010
a
R
ural
1.00
1.00
1.00
1.00
1.00
U
rban
1.00
.927
b
0.89-1.11
1.05
.318
b
0.95-1.16
1.04
.420
b
0.94-1.16
1.09
.284
b
0.93-1.29
0.98
.718
b
0.85-1.10
Industry
1.06
.659
b
0.83-1.34
1.36
.004
b
1.10-1.67
1.32
.012
b
1.06-1.65
1.50
.012
b
1.09-2.06
1.43
.005
b
1.14-1.85
N
ote. O
R
 =
 odds ratio, 95%
 C
I =
 95%
 confidence interval. ‘B
oys’, ‘A
ge 12’, ‘Education Low
’, ‘D
utch’, ‘N
o overw
eight’, and ‘R
ural’ are reference groups. 
1 in the past 12 m
onths,  a p-value for the factor, b p-value for the individual odds ratios
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Table 4. Effects of m
ultiple variables on the prevalence rates of sym
ptom
s and diagnosis of eczem
a
Eczem
a ever
Itchy rash ever
Itchy rash 1
Itchy flexural rash  1
C
learance of rash 1
Sleep disturbance by rash 1
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
O
R
p
95%
 C
I
G
ender
.000
a
.000
a
.000
a
.000
a
.000
a
.000
a
B
oys
1.00
1.00
1.00
1.00
1.00
1.00
G
irls
1.38
.000
b
1.25-1.51
1.67
.000
b
1.49-1.87
1.80
.000
b
1.57-2.06
1.92
.000
b
1.63-2.27
1.63
.000
b
1.39-1.91
2.45
.000
b
1.93-3.12
A
ge
.674
a
.072
a
.033
a
.137
a
.001
a
.149
a
12
1.00
1.00
1.00
1.00
1.00
1.00
13
0.96
.424
b
0.86-1.07
1.04
.553
b
0.91-1.18
1.01
.933
b
0.86-1.18
0.95
.578
b
0.79-1.14
1.01
.965
b
0.83-1.21
0.81
.104
b
0.63-1.05
14
0.95
.455
b
0.83-1.09
1.19
.028
b
1.02-1.39
1.23
.025
b
1.03-1.48
1.16
.184
b
0.93-1.44
1.41
.002
b
1.14-1.75
1.01
.929
b
0.75-1.37
Education 
.481
a
.508
a
.264
a
.816
a
.731
a
.050
a
Low
1.00
1.00
1.00
1.00
1.00
1.00
M
iddle
0.93
.278
b
0.81-1.06
1.09
.284
b
0.93-1.27
1.13
.176
b
0.95-1.36
1.07
.541
b
0.86-1.33
1.09
.431
b
0.88-1.35
0.90
.482
b
0.67-1.21
H
igh
1.00
1.00
b
0.90-1.11
1.06
.371
b
0.93-1.20
1.12
.149
b
0.96-1.30
1.01
.903
b
0.84-1.22
1.03
.771
b
0.86-1.23
0.73
.016
b
0.56-0.94
Ethnicity 
.000
a
.001
a
.033
a
.010
a
.223
a
.022
a
D
utch
1.00
1.00
1.00
1.00
1.00
1.00
Surinam
ese/ A
ntillean
1.34
.020
b
1.05-1.71
1.47
.005
b
1.13-1.92
1.39
.038
b
1.02-1.88
1.72
.002
b
1.23-2.42
1.15
.465
b
0.79-1.68
2.02
.002
b
1.29-3.14
Turkish/ M
oroccan
0.49
.000
b
0.37-0.64
0.69
.014
b
0.51-0.93
0.70
.057
b
0.49-1.01
0.80
.304
b
0.53-1.22
0.69
.088
b
0.45-1.06
1.02
.948
b
0.59-1.75
O
ther
0.75
.000
b
0.64-0.88
0.89
.233
b
0.74-1.08
0.95
.655
b
0.77-1.18
1.02
.892
b
0.79-1.32
0.88
.354
b
0.68-1.15
1.09
.640
b
0.76-1.55
B
M
I
.021
a
.050
a
.324
a
.559
a
.099
a
.482
a
N
o overw
.
1.00
1.00
1.00
1.00
1.00
1.00
O
verw
eight
1.21
.021
b
1.03-1.43
1.21
.050
b
1.00-1.46
1.12
.324
b
0.89-1.41
1.09
.559
b
0.82-1.43
1.25
.099
b
0.96-1.62
1.14
.482
b
0.79-1.66
R
esidential area
.422
a
.362
a
.106
a
.074
a
.007
a
.198
a
R
ural
1.00
1.00
1.00
1.00
1.00
1.00
U
rban
0.94
.226
b
0.85-1.04
1.08
.190
b
0.96-1.21
1.14
.056
b
1.00-1.31
1.20
.030
b
1.02-1.42
1.21
.021
b
1.03-1.42
1.23
.078
b
0.98-1.56
Industry
0.92
.459
b
0.74-1.14
1.11
.409
b
0.87-1.43
0.92
.610
b
0.67-1.27
0.95
.800
b
0.65-1.40
0.69
.086
b
0.45-1.05
1.21
.448
b
0.74-1.98
N
ote. O
R
 =
 odds ratio, 95%
 C
I =
 95%
 confidence interval. ‘B
oys’, ‘A
ge 12’, ‘Education Low
’, ‘D
utch’, ‘N
o overw
eight’, and ‘R
ural’ are reference groups. 
1 in the past 12 m
onths,  a p-value for the factor, b p-value for the individual odds ratios
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Prevalence and covariates of symptoms and diagnosis of asthma
The reported lifetime prevalence of asthma was 12.9% (Table 1). Table 2 presents the 
multivariate logistic regression models for lifetime asthma and symptoms of asthma. Boys 
reported more lifetime asthma and girls reported more symptoms of asthma in the past 
year. No significant differences were found for the three age groups. The group with low 
education level was more likely to report sleep disturbance and nocturnal cough, for the 
other symptoms, no significant differences between the education levels was found. When 
compared to Dutch adolescents, the youngsters with a Surinamese/Antillean background 
and an “other” ethnic background were more likely to suffer from wheezing and nocturnal 
cough in the past year. The respondents with an “other” ethnic background were also at 
higher risk of lifetime asthma. For adolescents with a Turkish/Moroccan background, the 
risks of lifetime asthma, lifetime wheeze and past year exercise-induced wheeze was lower, 
the risk of past year nocturnal cough was higher, both in comparison to Dutch adolescents. 
Adolescents with overweight had an increased risk of lifetime asthma, lifetime wheezing, 
past year wheezing and past year exercise-induced wheezing. With regard to residential 
area, adolescents living in an industrial area were more at risk of most symptoms of asthma 
than adolescents living in a rural area. 
Prevalence and covariates of symptoms and diagnosis of hay fever
Lifetime hay fever was reported by 23.4% of the adolescents (see Table 1). Table 3 presents the 
multivariate logistic regression models for lifetime hay fever and nasal symptoms. Girls were 
at higher risk for all nasal symptoms. The oldest age group had a higher risk of lifetime hay 
fever, but did not differ from the youngest group with respect to nasal symptoms. Respondents 
in the high education group had a significantly lower risk of all nasal symptoms than the 
adolescents following low education. Adolescents with a Surinamese/Antillean background 
were almost twice more likely to report lifetime hay fever than Dutch adolescents, and the 
risk of all nasal symptoms is also higher for this group when compared to Dutch adolescents. 
The risk of nose problems to interfere with daily activities was higher for the group with an 
“other” ethnic background than for the Dutch adolescents. Overweight was associated with 
higher risk for lifetime rhinitis. Adolescents living in or close to an industrial area had a 
higher risk of all nasal symptoms compared to the adolescents from the rural group. 
Prevalence and covariates of symptoms and diagnosis of eczema
The reported lifetime prevalence of eczema was 37.1% (see Table 1). Table 4 presents the 
multivariate logistic regression models for lifetime eczema and symptoms of eczema. Again, 
girls were at higher risk for lifetime eczema and symptoms than boys. Age was associated 
with an itchy rash and a clearance of rash in the past year. Adolescents aged 14 reported 
more of these symptoms. With regard to education level, adolescents following high 
education had a lower risk of sleep disturbance by rash than the adolescents following 
low education. The Surinamese/Antillean group is at higher risk than the group of Dutch 
adolescents, for both lifetime eczema and most symptoms of eczema. The respondents with 
a Turkish/Moroccan background had a lower risk of lifetime eczema and lifetime itchy rash 
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than the Dutch adolescents. The risk of lifetime eczema was also lower for the “other” 
background group in comparison to the Dutch group. Adolescents with overweight were at 
higher risk for lifetime eczema and lifetime itchy rash. Residential area was associated with 
clearance of rash, in the past year: the adolescents living in an urban area were more at risk 
than those living in a rural area. 
Discussion
Prevalence rates of atopic diseases among Dutch adolescents were assessed using the ISAAC 
self-report questionnaires (Asher et al., 1995). As a consequence, the results are based on 
questionnaires rather than more objective measurements (e.g., skin prick test or IgE-test). 
However, the questionnaires of the ISAAC are designed for population based research 
and have proven to be valid instruments for assessing the prevalence of atopic diseases 
(Asher et al., 1995; ISAAC, 1993; Pearce et al., 1993; Shaw et al., 1995). The results of the 
questionnaire have been compared with a physician’s assessment of asthma status in the 
past year, and the ISAAC questionnaire showed to be sensitive and specific in measuring 
asthma and atopy (Jenkins et al., 1996). Another consequence of the ISAAC methodology is 
that information is given directly by the adolescent, rather than by the adolescent’s parents. 
Especially during adolescence, parents may be unaware of the symptoms of their children. 
Self-reporting of atopic symptoms is seen as more reliable than parent-reporting (Renzoni et 
al., 1999). A third consequence of using the questionnaires of the ISAAC is that prevalence 
rates are based on symptoms rather than on diagnoses. This makes the results independent 
of regional or national differences in diagnostic processes and accessibility of medical 
assistance. 
Using a standardized methodology with a standardized instrument allows for a comparison 
of the results of the present study with the prevalence data (of the first phase of ISAAC) 
of other Western-European countries such as Austria, Belgium, France, Germany, Greece, 
Italy, Portugal, Ireland, Spain, and Great-Britain (ISAAC, 2002; ISAAC Steering Committee, 
1998a). With regard to current as well as lifetime asthma, the Dutch prevalence rates are 
high in comparison to the other countries. Only adolescents from Ireland and Great-Britain 
reported higher prevalence rates. The same holds for hay fever and nasal symptoms; only 
Irish and British adolescents reported higher prevalence rates than Dutch adolescents. 
However, when the Dutch prevalence rates of hay fever and nasal symptoms are compared 
with the prevalence rates of Belgium, France, Spain, Italy and Germany, an unexpected 
pattern arises. Dutch adolescents reported lower or similar prevalence rates for current nasal 
symptoms than the adolescents from the countries mentioned above, but they report a higher 
prevalence of lifetime hay fever. The same pattern emerged for eczema and symptoms of 
eczema. Dutch adolescent reported lower prevalence rates for current symptoms of eczema 
than British, Irish and French adolescents, but again the prevalence of lifetime eczema is 
higher among Dutch adolescents. This difference between the prevalence of symptoms in 
the past year and the lifetime prevalence of the allergic conditions may be explained by 
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differences in diagnostic processes between the countries. However, it should be noted 
that we cannot rule out the possibility that the answers of the adolescents are based the 
adolescent’s own estimation whether or not they have an allergic condition, rather than 
being based on the diagnosis of a physician. In that case, the difference may be a result of a 
greater familiarity with the concepts of hay fever and eczema among Dutch adolescents, for 
example through commercials for hay fever products. These results might indicate that the 
ISAAC questionnaires are not totally independent of regional differences after all. 
Boys reported more lifetime asthma and girls reported more symptoms of asthma in the 
past year. Several studies on gender differences in asthma have shown that during childhood, 
prevalence and incidence rates of asthma are higher among boys (Sennhauser & Kuhni, 
1995; SIDRIA, 1997; Wieringa et al., 1999). In puberty, a reversal in gender ratio takes place, 
and afterwards, asthma prevalence and incidence is greater in females (Anderson, Pottier, 
& Strachan, 1992; Nicolai, Pereszlenyiova-Bliznakova, Illi, Reinhardt, & von Mutius, 2003; 
Venn, Lewis, Cooper, Hill, & Britton, 1998). In the present study, the higher risk of current 
symptoms among girls, suggests that this reversal takes place earlier in Dutch adolescents. 
Because of the higher prevalence during childhood, boys still report more lifetime asthma 
but already have a lower prevalence of current symptoms. With regard to hay fever and 
eczema, as well as for the other atopic symptoms, girls report more lifetime hay fever and 
lifetime eczema than boys do. This is in line with other international studies on gender 
differences in the prevalence of atopic symptoms and diseases (Fagan et al., 2001; Montefort, 
Lenicker, Caruna, & Agius Muscat, 1998; Wieringa et al., 1999). Another explanation for the 
gender differences, however, may be a socio-cultural difference in symptom perception 
and symptom reporting between males and females. A study by Kroenke en Spitzer (1998) 
among adults has shown that most physical symptoms are reported at least 50% more often 
by women than by men, probably because of different social roles in society. Similar gender 
differences have been found for the reporting of symptoms during an asthma exacerbation: 
females reported more severe complaints than males (Cydulka et al., 2001). 
Adolescents following higher education were at lower risk of atopic symptoms, especially 
with regard to nasal symptoms. This difference with respect to education level is probably 
due to differences in socioeconomic status (SES). The relation between SES and asthma 
and atopy has been studied many times before. With regard to asthma, conflicting results 
have been found. Some studies found no relationship (Hancox et al., 2004; SIDRIA, 1997), 
sometimes a positive association between asthma and SES was found (Lewis, Richards, 
Bynner, Butler, & Britton, 1995), and other studies demonstrated a negative relationship 
(Duran-Tauleria & Rona, 1999; Ng Man Kwong, Das, Proctor, Whyte, & Primhak, 2002). The 
results for atopy are less conflicting; atopy is found to be more prevalent among high SES 
groups (Mercer et al., 2004; Strachan, 2000). Our finding that atopic symptoms are reported 
less among the highest SES groups is not in line with the abovementioned studies. Further 
research should address why the results for SES and atopy are in contrast with the results 
found in the international literature. With regard to the higher prevalence of symptoms of 
asthma; this might be due to differences in passive smoking, since smoking is more prevalent 
in families with low SES. Research has consistently shown that when either one or both 
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parents smoke, adolescents have an increased risk of lifetime asthma (Otten, Engels, & Van 
Den Eijnden, 2005).
Adolescents with a Surinamese/Antillean background reported more allergic symptoms and 
diseases than Dutch adolescents, whereas adolescents with a Turkish/Moroccan background 
reported less symptoms and diseases. There is an ongoing discussion in the literature about 
differences between ethnic groups. These differences might be due to genetic differences, 
differences in environment, or both. The results of a study by Hjern, Haglund, en Hedlin 
(2000) among two generations of migrants in Sweden (the first generation born in Chile or 
Turkey, the second generation born in Sweden) point in the direction of heredity. Although 
the second generation is born and raised in Sweden, the risk of atopic disorders is more 
similar to their parents risk than to the risk of Swedish children. A study by Gruber, Illi, 
Plieth, Sommerfeld, and Wahn (2002) on the prevalence of atopic disorders among Turkish 
immigrant in Germany, however, points in the direction of environmental and cultural 
effects. Results showed that when children of Turkish immigrants were raised with the 
German language, the prevalence of those children was similar to that of German children. 
In addition to an environmental or genetic explanation of differences in the prevalence rates 
between ethnic groups in this study, it is also possible that the found differences are due to 
differences in interpretation of the items between, for example, the Dutch and Surinamese/
Antillean adolescents. Further research is needed to investigate this possible interpretation 
difference. 
Although adolescents with overweight reported more lifetime rhinitis and lifetime eczema 
and itchy rash, overweight was predominantly associated with asthma. Adolescents with 
overweight reported more lifetime asthma and symptoms of asthma. This association is well 
documented in the literature (Gennuso, Epstein, Paluch, & Cerny, 1998; Schachter, Peat, 
& Salome, 2003; von Mutius, Schwartz, Neas, Dockery, & Weiss, 2001). A few years ago, 
it was assumed that asthma preceded overweight, but recent longitudinal studies suggest 
that overweight is a risk factor for the development of asthma during adolescence (Castro-
Rodriguez, Holberg, Morgan, Wright, & Martinez, 2001; Gilliland et al., 2003).
The risk for asthma, symptoms of asthma, and nasal symptoms were higher among 
adolescents living close to an industrial area, when compared to adolescents from a rural 
environment. The risk for one symptom of eczema was higher for adolescents living in urban 
environments, also in comparison with adolescents from a rural environment. Previous 
studies have shown a positive association between traffic density and symptoms of asthma. 
This association has been found in survey studies (Duhme et al., 1996; Duhme et al., 
1998; Keil, Weiland, Duhme, & Chambless, 1996; Montefort et al., 1998; Weiland, Mundt, 
Ruckmann, & Keil, 1994) as well as in studies with “objective measures” of traffic density 
and long function (Brunekreef et al., 1997). The association between residential area and 
hay fever and eczema has not been reported before. Further studies should be carried out 
to investigate why hay fever and nasal symptoms are positively associated with an industrial 
area and eczema is associated with an urban environment. 
A limitation of our study is that there is a potential risk for spurious significant findings. First 
because a multitude of analyses was conducted. Although just one multivariate analysis is 
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performed for each of the ISAAC questions (so there is no risk for spurious findings within each 
symptom), a total of nineteen analyses have been conducted. Another reason for the potential 
risk for spurious significant findings is because no multilevel analyses have been conducted. 
Even though this is in line with most other ISAAC studies, and it will probably not affect the 
OR’s, it could affect the p-values and the width of the confidence intervals. However, 41 of 
the 61 significant findings have a p-value ≤ 0.01, indicating strong differences. Furthermore, 
all the significant findings show a regular pattern within a condition (asthma symptoms, hay 
fever symptoms, and eczema symptoms). So even if some of the significant findings could be 
spurious, the direction of those possibly spurious findings is genuine.
Conclusion 
This is the first study that investigates the prevalence of atopic diseases among Dutch early 
adolescents. The results demonstrate a rather high prevalence of atopic conditions. More 
than half of the adolescents had suffered from an atopic disorder at some point in their lives 
and almost 40% of the adolescents were bothered by atopic symptoms in the 12 months 
preceding the questionnaire. Several social-demographic and individual factors were 
significantly associated with atopic symptoms and conditions among this group of Dutch 
early adolescents.
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Appendix A: Original ISAAC questionnaire
Core questionnaire for asthma:
1. Have you ever had wheezing or whistling in the chest at any time in the past? Yes/No
2. Have you had wheezing or whistling in the chest in the past 12 months? Yes/No
3. How many attacks of wheezing have you had in the past 12 months? None/1-3/4-12/More than 12
4. In the past 12 months, how often, on average, has your sleep been disturbed due to wheezing? 
Never woken with wheezing/Less than one night per week/One or more nights per week
5. In the past 12 months, has wheezing ever been severe enough to limit your speech to only one or 
two words a time between breaths? Yes/No
6. Have you ever had asthma? Yes/No
7. In the past 12 months, has your chest sounded wheezy during or after exercise? Yes/No
8. In the past 12 months, have you had a dry cough at night, apart from a cough associated with a 
cold or chest infection? Yes/No
Core questionnaire for rhinitis:
1. Have you ever had a problem with sneezing, or a runny, or blocked nose when you did not have a 
cold or the flu? Yes/No
2. In the past 12 months, have you had a problem with sneezing, or a runny, or blocked nose when 
you did not have a cold or the flu? Yes/No
3. In the past 12 months, has this nose problem been accompanied by itchy-watery eyes? Yes/No
4. In which of the past 12 months did this nose problem occur? (not analysed in this paper)
5. In the past 12 months, how much did this nose problem interfere with your daily activities? Not at 
all/A little/A moderate amount/A lot
6. Have you ever had hay fever? Yes/No
Core questionnaire for eczema:
1. Have you ever had an itchy rash which was coming and going for at least six months? Yes/No
2. Have you had this itchy rash at any time in the past 12 months? Yes/No
3. Has this itchy rash at any time affected any of the following places: the folds of the elbows, behind 
the knees, in front of the ankles, under the buttocks, or around the neck, ears or eyes? Yes/No
4. Has this rash cleared completely at any time during the past 12 months? Yes/No
5. In the past 12 months, how often, on average, have you been kept awake at night by this itchy 
rash?  Never in the past 12 months/Less than one night per week/One or more nights per week
6. Have you ever had eczema? Yes/No
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Appendix B: Dutch translation of the ISAAC questionnaire
Core questionnaire for asthma:
1. Heb je ooit piepen op de borst (een piepende ademhaling) gehad? Ja/Nee
2. Heb je in de laatste 12 maanden op de borst (een piepende ademhaling) gehad? Ja/Nee
3. Hoeveel aanvallen van piepen op de borst heb je in de laatste 12 maanden gehad? Geen/1-3/4-12/
Meer dan 12
4. Hoe vaak gemiddeld werd je in je slaap in de laatste 12 maanden door piepen op de borst 
gestoord? Nooit/Minder dan 1 nacht per week/1 of meerdere nachten per week
5. Was het piepen op de borst in de laatste 12 maanden ooit zo erg dat je tussen twee ademhalingen 
hoogstens twee woorden na elkaar kon zeggen? Ja/Nee
6. Heb je ooit astma gehad? Ja/Nee
7. Heb je in de laatste 12 maanden tijdens of na inspanning piepen op de borst gehad (piepende 
ademhaling)? Ja/Nee
8. Heb je in de laatste 12 maanden ’s nachts een droge hoest gehad, zonder dat dit samenging met 
een verkoudheid of luchtweginfectie? Ja/Nee
Core questionnaire for rhinitis:
1. Heb je ooit last gehad van niesbuien of van een lopende of verstopte neus, wanneer je geen 
verkoudheid of griep had? Ja/Nee
2. Heb je in de laatste 12 maanden last gehad van niesbuien of van een lopende of verstopte neus, 
wanneer je geen verkoudheid of griep had? Ja/Nee
3. Gingen deze neusklachten in de laatste 12 maanden samen met jeukende of tranende ogen? Ja/
Nee
4. In welke van de laatste 12 maanden traden deze neusklachten op? (not analysed in this paper)
5. Hoe ernstig belemmerde dit neusprobleem je dagelijkse activiteiten in de laatste 12 maanden? 
Geen belemmering/Een beetje/Redelijk veel/Veel
6. Heb je ooit wel eens hooikoorts gehad? Ja/Nee
Core questionnaire for eczema:
1. Heb je ooit een jeukende huiduitslag gehad die opkwam en weer wegging gedurende minstens 6 
maanden? Ja/Nee
2. Heb je deze huiduitslag gehad in de laatste 12 maanden? Ja/Nee
3. Was deze jeukende uitslag ooit aanwezig op één van de volgende plaatsen: elleboogplooien, 
knieholten, vooraan op de enkels, onder het zitvlak, rond de hals, oren of ogen? Ja/Nee
4. Is deze uitslag ooit volledig weg geweest gedurende de laatste 12 maanden? Ja/Nee
5. Hoe vaak werd je ’s nachts gemiddeld uit je slaap gehouden door deze jeukende huiduitslag in de 
laatste 12 maanden? Niet/Minder dan 1 nacht per week/1 of meerdere nachten per week
6. Heb je ooit eczeem gehad? Ja/Nee
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Abstract
This study aimed to determine which coping strategies are associated with better quality of 
life (QOL) in adolescents with asthma. Furthermore, because coping can mediate the effects 
of health stressors on QOL, this study also examined the indirect effect of asthma severity 
on QOL via coping.
Between January and May 2003, 553 Dutch adolescents with asthma (aged 12-16 years) 
completed questionnaires assessing coping strategies, symptom severity, overall QOL and 
positive QOL domain (positive effects of asthma domain). The relations between symptom 
severity, coping strategies and QOL were tested with structural equation modelling (SEM). 
Symptom severity affected overall and positive QOL, both directly and indirectly via 
coping. The coping strategies restricted lifestyle and worrying about asthma were associated 
with poorer overall QOL. The use of the coping strategies restricted lifestyle, positive 
reappraisal, and information seeking was related to increased scores on the positive QOL 
domain, whereas hiding asthma was related to lower scores on the positive QOL domain. 
The findings of this study suggest that coping mediates the effect of symptoms of asthma 
on QOL among adolescents with asthma. Several suggestions for interventions to improve 
asthma-specific QOL are discussed. 
Introduction
Asthma is the most common chronic disease in childhood and adolescence in Western 
countries. While adolescence can be a tumultuous period for many youngsters, adolescents 
with asthma encounter additional problems due to the need for regular medication and 
limitation to sporting activities and social events (Lenney, 1997). More significant effects 
on peer relationships are reported, including stigmatisation (Price, 1996), especially when 
hospitalisation is required (Graetz & Shute, 1995). 
Quality of life (QOL) has been defined as a multidimensional concept, including the physical, 
psychological and social impact a disease has on the daily life of a patient (Schipper, Clinch, 
& Powell, 1990). Several studies demonstrate reduced QOL in children and adolescents with 
asthma when compared to their healthy peers (Sawyer et al., 2001). In adults, it has been 
shown that QOL strongly depends on symptom frequency (Horak et al., 2005). In children 
and adolescents, increased asthma severity is also associated with poorer QOL (Sawyer et al., 
2001; Somerville, Knopfli, & Rutishauser, 2004; Warschburger et al., 2004). 
Although severity has a negative impact on QOL of patients with asthma, adequate 
coping strategies may mediate these negative effects (Adams, Wilson, Smith, & Ruffin, 
2004; Hesselink et al., 2004). In this study, coping is defined as a set of behavioural and 
cognitive responses designed to manage the stressors of a situation (Lazarus & Folkman, 
1984). In adults with asthma, emotional coping (a passive affective reaction to the problem) 
and avoidant coping (ignoring, denying or avoiding a problem) are associated with poorer 
QOL (Adams et al., 2004; Hesselink et al., 2004), whereas active coping (taking an active 
46
____  Chapter 3  ______________________________________________________________________________
approach to the problem, whether cognitive or behavioural) is associated with better QOL 
(Adams et al., 2004). To our knowledge, no studies have examined the impact of coping 
on QOL in adolescents with asthma. Because of the specific issues adolescents encounter 
in comparison to adults, school absence, the role of parents, and concerns about peer 
relationships, it may not be possible to generalise the findings for adults to adolescents. 
The goal of the present study was to determine which coping strategies are associated with 
a better QOL among adolescents with asthma. It is hoped that identification of these strategies 
will provide important directions for designing interventions aimed at improving QOL in 
adolescents with asthma. Coping strategies were found to mediate the relation between 
symptom severity and QOL in patient with other chronic conditions (Ritsner et al., 2003). We 
hypothesised that coping strategies could also mediate the effect of asthma severity on QOL in 
adolescents with asthma. Therefore, we also aimed to examine the indirect relation between 
asthma severity and QOL via coping. Because girls report more symptoms of asthma (Van De 
Ven, Van Den Eijnden, & Engels, 2006a) and lower QOL (Warschburger et al., 2004) than boys 
do, but seem better adapted to living with asthma (Williams, 2000), we also examined gender 
differences in coping, severity, and QOL, as well as the relationships between these concepts. 
Methods
Sample and Sampling Procedure
The present study uses data from a national sample of Dutch adolescents with and without 
asthma (Otten, Engels, & Van Den Eijnden, 2005; Van De Ven et al., 2006a), that was 
collected between January and May 2003. This study was approved by the medical ethics 
committee (CMO Arnhem-Nijmegen). Fifty-five government-funded secondary schools in 
four regions of the Netherlands were randomly selected and approached for participation; 
33 schools agreed to participate in this study. The main reason for refusal was because of 
participation in other studies. The majority of secondary schools in the Netherlands are 
privately managed, but over 99% percent of schools are funded by the government. 
All students from the first two years of secondary school were asked to fill out written 
questionnaires during school hours, under the supervision of a teacher. A total of 9008 (89.3%) 
students aged 12-16 years fully completed the questionnaires. Adolescents with asthma were 
identified using an extended version of the asthma questionnaire of the International Study 
of Asthma and Allergies in Childhood (ISAAC) (Asher et al., 1995), translated into Dutch 
(Wieringa, Weyler, Van Bever, Nelen, & Vermeire, 1999). The ISAAC questionnaires are 
designed for population-based research and have proven to be valid instruments for measuring 
the prevalence of atopic diseases (Asher et al., 1995; Pearce et al., 1993; Shaw et al., 1995). 
Furthermore, the results of the asthma questionnaire have been compared with a physician’s 
assessment of asthma and demonstrated both sensitivity and specificity (Jenkins et al., 1996). 
Respondents were selected based on their positive responses to three items: students who 
reported lifetime asthma and who either reported they had suffered from asthma in the past 
12 months or who had used asthma medication in the past 12 months were categorized as 
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currently having asthma. This resulted in a final sample of 553 adolescents with asthma. The 
respondents had suffered from asthma for a mean period of 6.74 years (SD 4.23).
The mean age of the respondents was 13.33 years (SD 0.83), of whom 286 (52%) were 
girls. Most students were of Dutch origin (84.6%) and lived in two-parent families (82.2%). 
The distribution of the education level of the father implied that all socio-economic status 
(SES) classes are represented in the sample. However, there is a slight overrepresentation 
of lower SES classes compared to the general Dutch population, consistent with a higher 
prevalence of asthma in lower SES classes. 
Measures 
Symptom Severity. Severity of asthma symptoms was assessed among all adolescents using 
a Dutch translation of the student questionnaire of the American College of Allergy, Asthma 
and Immunology (ACAAI) (Redline et al., 2004). Respondents were asked to indicate on a 
3-point scale (never, sometimes, a lot) how often they suffered from seven symptoms (e.g., 
“I wake up at night because I have trouble breathing”). Responses were averaged to form a 
severity score (Cronbachs alpha (α) = .72); higher scores indicate more severe asthma. 
Quality of Life. QOL was only measured among the adolescents with asthma, using a Dutch 
translation of the Adolescent Asthma Quality of Life Questionnaire (AAQOL) (Rutishauser, 
Sawyer, Bond, Coffey, & Bowes, 2001), the only asthma-specific QOL instrument designed 
specifically for this age group, which covers domains of particular relevance for adolescents. 
This instrument has been validated among Australian and European adolescents (Somerville 
et al., 2004), and shows good construct validity and high test-retest reliability (Rutishauser 
et al., 2001). The AAQOL questionnaire consists of six dimensions: the symptoms domain (6 
items, e.g., “How bothered have you been by coughing”, α = .89), the medication domain 
(5 items that tap the concerns adolescents have about their medication, e.g., “How bothered 
did you feel about having to carry your inhaler with you”, α = .74), the physical activities 
domain (6 items, e.g., “How often have you been restricted in sports, hobbies or other 
recreational activities because of your asthma”, α = .84), the emotions domain (5 items, e.g., 
“How often did you feel frustrated because of your asthma”, α = .91), the social interaction 
domain (5 items measuring the impact asthma has on the social life of adolescents, e.g., 
“How often have you been annoyed by your asthma when going to a party”, α = .73), and 
the positive effects domain (5 items, α = .75, e.g., “How often has your asthma brought 
you closer as a family”). All items were measured on a 7-point Likert scale; mean scores 
were calculated for each domain. However, because of the possible overlap between the 
symptoms domain and the severity scale, the symptoms domain was not included in the 
analyses. As recommended by the authors, the first domains are added together to create 
one scale called overall QOL (α = .93). The positive effects domain could not be included 
in the overall score because it cannot be meaningfully added to the total score (Rutishauser 
et al., 2001). Higher scores represent a better QOL on that domain. 
Coping strategies. Coping strategies were assessed in adolescents with asthma, using the 
Asthma-Specific Coping Scale (Aalto, Harkapaa, Aro, & Rissanen, 2002), a modification 
of the trait form of the Asthma Coping Scale (Maes & Schlösser, 1987). The psychometric 
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characteristics of this questionnaire have been tested in a validation study among a large 
general asthma sample of 3459 adults and in two smaller intervention samples of adults 
(Aalto et al., 2002). The results of this validation study supported construct, concurrent and 
discriminant validity, and Cronbachs alpha’s ranged from .63 to .84. The scale comprises six 
subscales: restricted lifestyle (4 items, e.g., “I avoid exertion”, α = .69), hiding asthma (4 items, 
e.g., “I avoid talking about my asthma”, α = .71), positive reappraisal (4 items, e.g., “I try to 
learn something positive about my falling ill and related experiences”, α = .60), information 
seeking (4 items, e.g., “I try to find out more about my asthma”, α = .72), ignoring asthma (4 
items, e.g., “I avoid thinking about my asthma”, α = .71) and worrying about asthma (3 items, 
e.g., “I am afraid that my asthma will get worse”, α = .63). All items are measured on a 4-point 
Likert scale (hardly ever to almost always). Responses were averaged to yield a score for each 
domain; higher scores indicated more use of that coping strategy. 
Demographic information. Gender, age and SES (assessed by the highest education level of 
the father) were included in the analyses as possible confounders. 
Data Analysis
The analyses were conducted in four steps. First, gender differences in severity, coping 
strategies and QOL were examined using t-tests. Second, Pearson correlation coefficients 
between severity, coping and the QOL domains were calculated. Third, the relations 
between severity, coping and QOL were tested with structural equation modelling (SEM) 
using the program Amos 5 (Arbuckle, 2003). SEM makes it possible to combine confirmatory 
factor analysis with multiple regression. By using underlying, unobserved (latent) variables 
with multiple indicators, measurement error can be reduced. Furthermore, it is possible to 
specify and estimate hypothesized causal pathway models with multiple mediating variables 
and multiple outcome variables. Therefore, the SEM approach is useful in determining the 
relations between severity, coping with asthma and QOL.
Although the variables in this study have an ordinal character, because of the Likert scales 
used, they are treated as interval scales. Likert (1932) proposed to formulate scales with 
equal appearing intervals in the format we used for the items in this study. Togerson (1958) 
developed scaling methods to support the idea that Likert scales can be treated as interval 
scales, at method which is now widely accepted. 
Maximum likelihood estimation was used to test the model illustrated in Figure 1. This 
model has 66 degrees of freedom, and our sample size of 553 is sufficient to achieve power 
of 0.80 (MacCallum, Browne, & Sugawara, 1996). All variables in the model had a normal 
distribution with skewness and kurtosis between -1 and +1, except for the coping subscale 
hiding asthma, which had a skewness of 1.09. The latent variable overall QOL was measured 
by four observed indicators: the scores on the first four subscales of the AAQOL questionnaire. 
The latent variable severity had three parcels as indicators. Parcels are subsets of scale items. 
Items with corresponding factor loadings were divided over three subsets, leading to three 
parcels for severity (Bandalos & Finney, 2001). The other constructs in the model - the coping 
strategies and positive QOL - correspond to the observed mean scores for these variables. 
As shown in Figure 1, all direct paths between severity and coping strategies and between 
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severity and QOL were estimated. Furthermore, we tested indirect paths between severity and 
QOL via coping. The effects of age, gender and SES were modelled by direct paths of these 
possible confounders to severity, the six coping strategies, overall QOL and positive QOL. 
However, for clarity, these paths are not shown in Figure 1. 
Coping
inform. seeking
Coping
restricted lifestyle
Coping
positive reappr..
Coping
worrying asthma
Coping
hiding asthma
Coping
ignoring asthma
Severity
parcel 1
Severity
parcel 2
Severity
parcel 3
Severity
Gender
Age
SES
QOL
social interaction
QOL
medication
QOL
emotions
QOL
physical activity
Overall
QOL
QOL
positive effects
Figure 1. Conceptual model.
The goodness of fit of the model was evaluated with several fit indices. The chi-square 
value with degrees of freedom and the p-value of the model are calculated. However, the 
chi-square is extremely sensitive to sample size: in a large sample, it is very likely that the 
chi-square statistics indicates that the model needs to be rejected, even if it describes the 
data quite well. Therefore, other fit measures (independent of N) were included to evaluate 
the fit. This study evaluated a chi-square test based index, a comparative-fit index and 
an absolute-fit index, respectively the chi-square to degrees of freedom ratio (χ²/df), the 
comparative fit index (CFI) and the root mean square error of approximation (RMSEA). A 
model that fits the data well should have good results for many different fit indices. The 
χ²/df ratio should be less than 3; for CFI, values greater than 0.90 suggest an acceptable fit 
between the model and the data, values greater than 0.95 indicate a good fit (Kaplan, 2000). 
For RMSEA, values below 0.08 indicate an acceptable fit; values below 0.05 indicate a good 
fit (Kaplan, 2000). In the last step of the analyses, we tested gender differences by multigroup 
analyses. A nested model with 2 separate groups (boys and girls) was tested. Differences in 
structural parameters were tested by chi-square difference testing.
0
____  Chapter 3  ______________________________________________________________________________
Results
Descriptive statistics
Table 1 summarizes descriptive statistics of the main study variables for the total group, as 
well as comparisons between boys and girls. Gender differences were found for severity, 
coping and QOL. Girls reported higher asthma symptom severity than boys. The most 
commonly reported coping strategies in both boys and girls were hiding asthma and 
positive reappraisal. Girls had higher scores for three coping strategies: restricted lifestyle, 
information seeking and worrying about asthma. With regard to QOL, gender differences 
were found for the first four QOL subscales, where boys reported higher QOL than girls. 
Boys and girls did not differ in regard to the positive effects domain. 
Table 1. Means, ranges and standard deviations for the total group, and separately for boys and girls. 
Total group Boys Girls t-value p
Symptom severity 1.77 (1.00-3.00; 0.38) 1.69 (1.00-3.00; 0.37) 1.84 (1.00-3.00; 0.39)  -4.79 < 0.001
Coping
Restricted lifestyle 1.80 (1.00-4.00; 0.68) 1.70 (1.00-4.00; 0.67) 1.89 (1.00-4.00; 0.67)  -3.31 < 0.001
Hiding asthma 1.91 (1.00-4.00; 0.69) 1.87 (1.00-4.00; 0.65) 1.95 (1.00-4.00; 0.71)  -1.31 ns
Positive reappraisal 2.19 (1.00-4.00; 0.70) 2.15 (1.00-4.00; 0.74) 2.22 (1.00-4.00; 0.67)  -1.03 ns
Information seeking 1.72 (1.00-4.00; 0.66) 1.66 (1.00-4.00; 0.65) 1.78 (1.00-4.00; 0.67)  -2.12 < 0.05
Ignoring asthma 1.87 (1.00-4.00; 0.75) 1.84 (1.00-4.00; 0.74) 1.90 (1.00-4.00; 0.77)  -0.92 ns
Worrying asthma 1.64 (1.00-4.00; 0.67) 1.55 (1.00-4.00; 0.63) 1.73 (1.00-4.00; 0.71)  -3.04 < 0.01
Quality of Life
Medication 5.41 (1.60-7.00; 1.18) 5.53 (1.60-7.00; 1.19) 5.31 (2.00-7.00; 1.16)  2.09 < 0.05
Physical activities 4.62 (1.00-7.00; 1.43) 4.94 (1.60-7.00; 1.31) 4.32 (1.00-7.00; 1.47)  5.14 < 0.001
Emotions 5.31 (1.20-7.00; 1.43) 5.56 (1.40-7.00; 1.33) 5.08 (1.20-7.00; 1.48)  3.99 < 0.001
Social interaction 5.51 (1.60-7.00; 1.16) 5.69 (2.60-7.00; 1.03) 5.34 (1.60-7.00; 1.25)  3.58 < 0.001
Positive effects 3.54 (1.00-7.00; 1.39) 3.46 (1.00-7.00; 1.41) 3.61 (1.00-6.60; 1.37)  -1.31 ns
Note. Data are expressed in means; values in parentheses represent ranges and standard deviations.
Correlations between the variables of the model are outlined in Table 2. All coping scales 
were positively interrelated except for two combinations (hiding asthma with positive 
reappraisal, and hiding asthma with information seeking). The first four QOL subscales 
were strongly and positively interrelated and the positive QOL domain showed moderate 
negative correlations with all other QOL subscales, supporting the integration of the first 
four subscales (and not the positive effects domain) into one overall QOL score.
Structural equation model 
To facilitate presentation, the standardized factor loadings of the latent variables as well as 
the interrelations of the coping strategies and the interrelation between positive QOL and 
overall QOL are presented in Table 3, and not in the graphic representation of the model 
in Figure 2. The standardized factor loadings for severity vary between .60 and .76, thus 
indicating that the latent variable is very well represented by these indicators. For overall 
QOL, the standardized factor loadings vary between .69 and .91, indicating that a higher-
order factor existed, and that the latent variable overall QOL is very well represented by the 
indicators. 
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Table 2. Pearson correlations between model variables. 
Severity Coping QOL
1 2 3 4 5 6 7 8 9 10 11 12
1. Severity
Coping
2. Restricted lifestyle  .32***
3. Hiding asthma  .12**  .16***
4. Positive reappraisal  .11**  .36***   -.01
5. Information seeking  .22***  .42***  .03  .53***
6. Ignoring asthma  .16***  .25***  .51***  .30***  .17***
7. Worrying asthma  .31***  .50***  .27***  .33***  .56***  .30***
Quality of Life
8. Medication  -.34***  -.36***  -.22***  -.18***  -.33***  -.25***  -.42***
9. Physical activities  -.49***  -.47***  -.13**  -.13**  -.31***  -.14**  -.40***  .53***
10. Emotions  -.44***  -.49***  -.18***  -.20***  -.35***  -.20***  -.53***  .63***  .75***
11. Social interaction  -.40***  -.47***  -.16***  -.25***  -.37***  -.16***  -.50***  .59***  .60***  .72***
12. Positive effects  .13**  .26***  -.15***  .34***  .31***  .06  .21***  -.20***  -.27***  -.36***  -.43***
Mean 1.77 1.80 1.91 2.19 1.72 1.87 1.64 5.41 4.62 5.31 5.51 3.54
SD 0.38 0.68 0.69 0.70 0.66 0.75 0.67 1.18 1.43 1.43 1.16 1.39
Note.  ** p  < 0.01; *** p < 0.001 (2-tailed).
Table 3. Standardised factor loadings of latent factors severity and overall QOL and interrelations of 
coping strategies and QOL.
p
Factor Loadings:
Severity → parcel 1  .76
Severity → parcel 2  .60
Severity → parcel 3  .72
Overall QOL → QOL medication  .69
Overall QOL → QOL physical activities  .80
Overall QOL → QOL emotions  .91
Overall QOL → QOL social interaction  .80
Interrelations
Coping Restricted lifestyle ↔ Coping Hiding asthma  .12 < 0.01
Coping Restricted lifestyle ↔ Coping Positive reappraisal  .34 < 0.001
Coping Restricted lifestyle ↔ Coping Information seeking  .36 < 0.001
Coping Restricted lifestyle ↔ Coping Ignoring asthma  .20 < 0.001
Coping Restricted lifestyle ↔ Coping Worrying about asthma  .42 < 0.001
Coping Hiding asthma ↔ Coping Positive reappraisal  -.04 ns
Coping Hiding asthma ↔ Coping Information seeking  .00 ns
Coping Hiding asthma ↔ Coping Ignoring asthma  .50 < 0.001
Coping Hiding asthma ↔ Coping Worrying about asthma  .24 < 0.001
Coping Positive reappraisal ↔ Coping Information seeking  .52 < 0.001
Coping Positive reappraisal ↔ Coping Ignoring asthma  .28 < 0.001
Coping Positive reappraisal ↔ Coping Worrying about asthma  .30 < 0.001
Coping Information seeking ↔ Coping Ignoring asthma  .13 < 0.01
Coping Information seeking ↔ Coping Worrying about asthma  .52 < 0.001
Coping Ignoring asthma ↔ Coping Worrying about asthma  .26 < 0.001
Overall QOL ↔ QOL positive effects  -.35 < 0.001
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Figure 2 shows the significant paths of the model with standardized regression weights. 
The fit indices showed that the model fitted the data well (χ²/df ratio below 3; CFI was 
above 0.95, RMSEA was below 0.08). Nineteen percent of the variance in the positive QOL 
domain and 56% of the variance in overall QOL was explained by the model. In regard to 
the relationships between the possible confounders and severity, coping and QOL, only the 
relation between gender and severity was significant, with severity being higher among girls. 
Gender was not related to coping or QOL in the total model. Furthermore, age and SES did 
not relate to any of the variables in the model. 
Figure 2. Structural equation model with standardized coefficients for the relations between severity, 
coping and QOL. Only significant paths are given in this figure. Number of distinct sample moments 170; 
number of distinct parameters to be estimated 104. N=553, χ2 [66] = 174.89, p = 0.000, χ²/df = 2.65, 
CFI = 0.963, RMSEA = 0.055; R² overall QOL = 0.56; R² positive QOL = 0.19. * p < 0.05; ** p < 0.01; 
*** p < 0.001.
Coping and QOL
The overall QOL score was associated with the coping strategies restricted lifestyle and 
worrying: the more adolescents led a restricted life and the more they worried, the lower 
their QOL. The positive QOL domain was mainly associated with the coping strategies 
hiding asthma and positive reappraisal; positive QOL was higher for adolescents who tended 
to hide their asthma less, and for adolescents who reappraised their disease more positively. 
In contrast with the finding that restricted lifestyle was related to poorer overall QOL, this 
coping strategy was associated with better positive effects QOL. Additionally, scores on the 
positive QOL domain were higher for adolescents with increased information seeking. 
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The indirect effect of severity on QOL via coping
Severity was related to all coping strategies; the more severe the asthma, the more the 
adolescents used the six coping strategies. Severity was directly - and negatively - related to 
overall QOL. Severity was also indirectly related to overall QOL via the coping strategies 
restricted lifestyle and worrying about asthma. This indirect path was negative as well: higher 
severity was related to increased use of these previously mentioned coping styles, which 
were negatively related to overall QOL. Additionally, the model showed no significant direct 
path from severity to positive QOL; there were only indirect paths via restricted lifestyle, 
hiding asthma, positive reappraisal and information seeking. Three of these indirect paths 
were positive: higher severity scores were positively related to the use of the coping strategies 
restricted lifestyle, positive reappraisal and information seeking, which in turn had a positive 
relation with positive QOL. However, one of the indirect paths was of a negative nature: 
higher severity was related with increased hiding asthma, which in turn had a negative 
relation with positive QOL.
Additional analyses
To exclude the possibility that the proportion of variance explained by the model is caused 
by the association between symptom severity and QOL, an additional model was tested 
without severity. This model still fitted the data well, and explained 45% of the variance of 
overall QOL and 18% of positive QOL
To test whether the strengths of the relationships in the model differed between girls and 
boys, multigroup analyses with chi-square difference testing was applied. No significant 
differences were found in the factor loadings or regression weights, indicating that the 
strengths of the paths in the model did not differ between boys and girls.
Discussion
This study has found that asthma symptom severity is negatively associated with asthma-
specific QOL in adolescents with asthma. The findings provide support for the hypothesis 
that coping mediates the negative relationship between severity and QOL. Thus, the use of 
adequate coping strategies to deal with symptoms of asthma appears to prevent adolescents 
with asthma from experiencing a decline in their QOL.  
How do adolescents with asthma cope with their asthma? The most reported coping strategy 
was positive reappraisal, indicating that adolescents with asthma try to actively cope with their 
asthma. However, the two next most frequently used strategies are passive coping strategies: 
hiding asthma and ignoring asthma, which shows that adolescents also commonly use 
avoidant coping strategies. Worrying about asthma was the least used coping strategy. Similar 
results have been found in a study on coping in chronically ill adolescents, where avoidance 
and confrontation were the most frequently used coping styles, and depressive reactions the 
least used  (Meijer, Sinnema, Bijstra, Mellenbergh, & Wolters, 2002). Although there is similar 
ordering of coping styles between boys and girls, this study also found gender differences in 
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coping. Girls reported using all coping strategies more often than boys, consistent with a study 
by Wilson and colleagues (Wilson, Pritchard, & Revalee, 2005) which showed that female 
adolescents reported to use all studied coping styles (avoidant coping, problem-focused 
coping, and emotional coping) more often than males.
While symptom severity was only indirectly related to positive effects QOL, symptom 
severity was both directly and indirectly related to overall QOL. When adolescents 
experience more symptoms, they have poorer overall QOL. This association has been 
shown in previous studies, both among adults (Horak et al., 2005) and adolescents (Sawyer 
et al., 2001; Somerville et al., 2004; Warschburger et al., 2004). Due to the cross-sectional 
nature of this study, we cannot determine the direction of the associations found. Part of this 
association may be explained by good QOL leading to better self-management of asthma, 
thereby reducing symptoms of asthma. 
Although we have to be careful with interpreting the directionality of the identified 
relationships, these results suggest that coping mediates the effect of symptom severity on 
QOL, indicating that interventions based on changing coping strategies may be an approach 
to improve QOL in adolescents with asthma. A review on the impact of interventions 
designed to improve coping by De Ridder and Schreurs (2001) suggests such approaches 
offer ‘a promising framework for the development of psychosocial care for chronically ill 
patients’.
Leading a restricted lifestyle was one of the coping strategies found to mediate the 
relation between severity and overall QOL. When adolescents experience more symptoms, 
they avoid situations and triggers, which in turn is associated with poorer overall QOL. 
This restricted lifestyle may cause adolescents to avoid peer activities, such as parties or 
extracurricular activities, and thereby decrease their satisfaction with life. Similar results are 
found in adults with asthma, where avoidant coping was shown to be related to lowered 
QOL (Adams et al., 2004; Hesselink et al., 2004). 
Another mediating coping strategy was worrying about asthma. Increased symptom severity 
was related to more worrying, which in turn decreased overall QOL. This is consistent with 
the study of Hesselink et al. (2004), who showed a negative association between emotional 
coping and QOL among adults with asthma. 
To improve QOL in adolescents with asthma, interventions could be aimed at decreasing 
a restricted lifestyle and worrying about asthma. This might be done by teaching adolescents 
to recognize their triggers of asthma and by promoting greater self-management of their 
illness. This could increase their self-efficacy expectations, such that by feeling more in 
control of asthma, adolescents may feel less inclined to avoid particular situations such as 
parties and playing sports. This increased self-efficacy might also reduce worrying about 
asthma. In addition, interventions could also focus on cognitive restructuring and relaxation 
to reduce worrying, and thereby enhance QOL among adolescents with asthma. 
With regard to the positive QOL domain, hiding asthma and positive reappraisal were 
the two mediating coping strategies most strongly related to positive QOL. Adolescents 
with worse asthma severity tended to hide their asthma more, which was related to lower 
positive QOL. This may result in fewer people from their social environment being aware of 
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their condition, which may reduce the opportunities for social support, and potentially thus 
experience fewer positive effects. Interventions that target individuals, such as social skills 
training or assertiveness training, or interventions that target schools, such as the Asthma 
Friendly Schools Program (Sawyer, 2006), might help adolescents feel more able to inform 
others about their illness. Peer support groups like ChIPS (Chronic Illness Peer Support) 
(Olsson, Boyce, Toumbourou, & Sawyer, 2005) and the Triple A program (Shah et al., 2001) 
may also help to build resilience and enhance self-confidence and self-acceptance, making 
it easier for adolescents to be open rather than hide their asthma. 
Positive reappraisal was the coping strategy most strongly related to positive QOL. 
Adolescents who tried to see positive aspects of their asthma also perceived more positive 
effects. Part of this association may be due to overlap in constructs. However, studies showed 
that optimistic persons have greater friendship networks (Brissette, Scheier, & Carver, 2002), 
longer friendships (Geers, Reilley, & Dember, 1998), and perceive more social support (Brissette 
et al., 2002).  Therefore we assume that part of the association found in this study is not due 
to overlap but due to a more positive mindset of the adolescents, making it easier for their 
social environment to react in a positive way to the adolescent. This is in line with Folkman 
and Moskowitz (2000), who emphasize the role of positive reappraisal in coping with chronic 
illness. Although positive reappraisal seems to affect positive QOL among adolescents with 
asthma, this coping strategy might be hard to target in interventions because of the effect of 
personality factors such as optimism, which have been shown to be related to emphasizing 
positive aspects of stressful situations (Scheier, Weintraub, & Carver, 1986).  
This is the first study to describe the relation between coping strategies and QOL in adolescents 
with asthma. A strength of this study is the use of a large community sample, which is ruling 
out the risk of a self-selection bias, and includes adolescents with all levels of asthma severity. 
This study also used validated instruments specifically designed for adolescents with asthma. 
The use of sophisticated statistical methods to test relations between severity, coping and QOL 
allowed testing of both direct and indirect paths, testing group differences in these direct and 
indirect paths, and decreasing measurement error by using latent factors. 
Some of the standardized regression coefficients in the model are weak but significant, 
which may be partly due to the larger sample size. However, the strengths of these paths are 
similar to those found in other studies on the relation between coping and QOL (Hesselink 
et al., 2004), and the total model explains 56% of the variance in overall QOL and 19% in 
positive QOL. When severity was excluded from the model, the model still explained 45% 
of the variance of overall QOL and 18% of positive QOL, indicating the clinical relevance of 
coping strategies in QOL among adolescents with asthma. Another limitation of this study is 
the low reliability of three of the coping subscales, which could have influenced the model. 
However, coping is a difficult construct to measure, and other coping scales like COPE 
(Carver, Scheier, & Weintraub, 1989), which are frequently used (e.g., Brissette et al., 2002) 
show Cronbachs alphas in the same range as those reported in the present study. Furthermore, 
the alphas reported in the present study are in line with the validation study (α ranging from 
.63 to .84) (Aalto et al., 2002). A third limitation is that due to the cross-sectional nature of 
this study, we cannot determine the direction of the associations found. For instance, we 
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assume that severity influences coping, but we cannot rule out the possibility that coping 
affects symptom severity as well. Thus hiding asthma could lead to a decrease in adherence 
due to not taking medication in peer settings, which in turn could lead to an increase in 
symptoms. In regard to the relations between QOL and coping, while worrying about asthma 
may lead to poorer overall QOL, it is also possible that lower QOL may result in adolescents 
worrying more about their asthma. Longitudinal designs could provide more insight into the 
underlying mechanism of the relations found in this study. Further research would also benefit 
from including personality factors, such as optimism, and other measures of psychosocial 
wellbeing, such as depression, which may affect both QOL and coping strategies. Finally, 
since the responsibility for the management of asthma is transferred from parent to adolescent, 
further studies that include family factor could also provide fresh insights. 
Chapter  4
Quality of life of adolescents with 
asthma: the roles of personality, 
coping strategies, and 
symptom reporting
In preparation as:
Van De Ven, M.O.M. & Engels, R.C.M.E. (2008). Quality of life of adolescents with asthma: the 
roles of personality, coping strategies, and symptom reporting.
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Abstract 
The aim of this study was to test which personality traits of the Five Factor Model of personality 
(“the Big Five”) were related to quality of life (QOL) in adolescents with asthma. In addition, 
this study tested whether relations between personality and QOL might be explained by 
ways of coping with asthma and symptom reporting.
A sample of 405 12 to 16-year-olds with asthma completed questionnaires on personality, 
coping with asthma, symptom reporting, and QOL (overall QOL and positive effects QOL). 
The direct relations between personality traits and QOL, as well as the indirect relations via 
coping strategies and symptom reporting were tested with structural equation modelling 
(SEM). 
Adolescents high on extraversion and low on neuroticism had better overall QOL, while 
adolescents high on agreeableness had better QOL related to experiencing more positive 
effects of asthma in their daily life. The mediation model revealed that these relations were 
fully mediated by coping strategies and symptom reporting. 
The results of this study will help to better understand what determines QOL in adolescents 
with asthma, and how to design interventions that could facilitate minimizing the negative 
effects of having asthma on the QOL of these adolescents. Suggestions for these interventions 
are discussed. 
Introduction
Worldwide, it is estimated that 300 million people have asthma (WHO, 2006). Asthma is 
the most common chronic disease in children and adolescents, with 13.8% of 13 to 14-
year-olds reporting they ever had asthma, and 13.7% reporting they had wheeze in the 
past 12 months (Pearce et al., 2007).While adolescence is a challenging period for many 
teenagers, this period may be even more challenging for youth with asthma. They need to 
use medication regularly to keep their asthma symptoms under control, lifestyle changes 
may be necessary to achieve optimal asthma management and to prevent attacks, and they 
cannot always participate in social and physical activities such as parties and sports (e.g. 
Lenney, 1997). This may feel unfair (Rhee, Wenzel, & Steeves, 2007), affect their self-esteem 
(Price & Kemp, 1999), and make them feel embarrassed (Price, 1996). Children with asthma 
are bullied more often (Blackman & Gurka, 2007) and classmates are not always tolerant 
towards asthma and its limitations (Brook & Kishon, 1993). Further, asthma has an effect on 
friendships for children who need to be hospitalized: these children feel lonelier and are 
less favourite playmates (Graetz & Shute, 1995). Adolescents with asthma are at higher risk 
to develop emotional problems, such as feeling lonely, feeling unhappy about life, having 
anxiety problems and depressive symptoms, than non-asthmatic adolescents (e.g., Alati et al., 
2005; Bussing, Burket, & Kelleher, 1996; Forero, Bauman, Young, Booth, & Nutbeam, 1996). 
Taken together, these studies show that asthma does not only affect physical functioning, but 
it also influences other (more subjective) areas of daily functioning. 
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Quality of life (QOL) measures have been developed to add to the traditional physiological 
lung function measures, and to gain insight into the impact asthma has on other aspects of 
the daily life of patients. QOL has been defined as a multi-dimensional concept, including 
the physical, psychological, and social impact a disease has on a patient’s daily functioning, 
as perceived by the patient (Schipper, Clinch, & Powell, 1990). Research has shown that the 
health related QOL of adolescents with asthma is reduced compared to their healthy peers 
(Hallstrand, Curtis, Aitken, & Sullivan, 2003). Although studies showed that asthma severity 
is related to poorer QOL among adolescents (Sawyer et al., 2001; Somerville, Knopfli, & 
Rutishauser, 2004; Warschburger et al., 2004), QOL is only weakly related to lung function 
parameters (Juniper et al., 1996), suggesting that other factors also play important roles in 
determining QOL in adolescents with asthma. There is a growing interest in the roles of 
psychological factors in health-related QOL in chronic illness, and recent research revealed 
that QOL in children and adolescents with asthma is more impaired by psychological factors 
than by asthma severity (Goldbeck, Koffmane, Lecheler, Thiessen, & Fegert, 2007). 
One factor that is found to be related to QOL in several patient groups (both somatic and 
mental illnesses) is personality (e.g., Van Straten, Cuijpers, Van Zuuren, Smits, & Donker, 
2007). Most research on personality focused on the Five Factor Model (FFM) (Goldberg, 
1990), which describes personality in terms of the five dimensions (The Big Five): extraversion, 
agreeableness, conscientiousness, neuroticism (also called emotional instability) and openness 
to new experiences. These factors are generalizable across cultures (McCrae & Costa, 1997) 
and can be used to describe personality in adolescents (e.g., Branje, Van Lieshout, & Van 
Aken, 2004). Personality is believed to affect QOL because it influences the way people 
approach situations and interpret and react to stressful situations (Wrosch & Scheier, 2003). 
Most research on the relations between the Big Five and QOL have focused on adults, such as 
adults with cancer, HIV/AIDS, and patients suffering from psychiatric disorders (e.g., Masthoff, 
Trompenaars, Van Heck, Hodiamont, & De Vries, 2007; Penedo et al., 2003; Yamaoka et al., 
1998). As far as we know, only two studies investigated the relation between the Big Five and 
QOL in children and early adolescents; one study on children and early adolescents who 
survived cancer (De Clercq, De Fruyt, Koot, & Benoit, 2004), the other on children and early 
adolescents with unintentional injuries (Vollrath & Landolt, 2005). 
Extraversion and neuroticism are the factors that are most consistently related to QOL in 
the literature. Extraversion (having positive emotions and seeking stimulation and company of 
others) may influence QOL because of the tendency to experience positive emotions (Masthoff 
et al., 2007). In general, a positive relationship between extraversion and QOL is found among 
adult patient groups (Masthoff et al., 2007; Penedo et al., 2003; Van Straten et al., 2007; 
Yamaoka et al., 1998). However, a study on a paediatric patient sample with unintentional 
injuries found no relationship between extraversion and QOL (Vollrath & Landolt, 2005) and 
a study on a sample with children and young adolescents who survived cancer found only a 
small relation between extraversion and QOL (De Clercq et al., 2004). 
While extraversion is related to experiencing positive emotions, neuroticism is linked to 
easily experiencing negative emotions such as anger, depression, and anxiety. Neuroticism 
is believed to be related to QOL for two reasons. Firstly, because of a higher tendency to 
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report and recall more symptoms of physical illness (Larsen, 1992), and secondly, because 
persons high in neuroticism have less succesful ways of coping with stress (Vollrath, 2001). 
Studies on both adults and children have consistently found negative relationships between 
neuroticism and QOL (e.g., De Clercq et al., 2004; Masthoff et al., 2007; Vollrath & Landolt, 
2005). 
Less consistent and strong results were found for openness to new experiences (curiosity 
and appriciation for arts, emotions, adventures, and experiences for its own sake), which is 
also referred to as imagination in studies involving children. Persons high in openness tend 
to think and act in individualistic and nonconforming ways, which might make it easer for 
them to cope with having an illness, with coping and accepting of being different, which in 
turn could have beneficial effects on QOL. A positive relation between openness and some 
QOL measures were found for children and young adolescent patients (De Clercq et al., 
2004; Vollrath & Landolt, 2005). Mixed findings are reported among adult patient groups; 
studies found either a negative relation (Van Straten et al., 2007), a positive relation (Penedo 
et al., 2003) or no relation at all (Masthoff et al., 2007). 
Conscientiousness (self-discipline, aiming for achievement, planned instead of 
spontaneous behaviour) may also influence QOL. Even though illness may raise some 
barriers, persons high on conscientiousness will more often achieve their goals through 
planning and persistence, resulting in increased QOL. Most studies on both paediatric and 
adult patient groups found a positive relation between conscientiousness and QOL (e.g., De 
Clercq et al., 2004; Masthoff et al., 2007; Penedo et al., 2003), although this relation was not 
found in all studies (Van Straten et al., 2007), and sometimes only on QOL subscales instead 
of on overall scores (Vollrath & Landolt, 2005). 
Finally, for agreeableness (altruism, compassion and cooperation, orientation towards 
others), also referred to as benevolence in studies among children, a positive relation was 
found in most studies (e.g., De Clercq et al., 2004; Penedo et al., 2003; Vollrath & Landolt, 
2005). Agreeableness is probably related to QOL because persons high on agreeableness 
are more liked by others and receive more social support (Branje et al., 2004). 
Since previous research on the relations between personality and QOL examined other 
age groups and illnesses, it is not possible to generalize these findings to adolescents with 
asthma. The present study is the first to examine whether personality as described by the Big 
Five is related to QOL in adolescents with asthma. In line with the literature we expected that 
QOL was negatively related to neuroticism, and positively related to agreeableness. Because 
of the contradictory patterns of findings in previous research, no hypotheses were formulated 
with regard to extraversion, conscientiousness, and openness to new experiences. 
Although scholars examining personality and QOL address explanations regarding why 
personality may affect QOL, these explanations have hardly been tested. As mentioned 
above, personality is believed to be related to QOL because it influences coping with stress 
(Vollrath, 2001), recalling and reporting of symptoms (Larsen, 1992), it influences the way 
people approach situations, and the way people interpret and react to stressful situations 
(Wrosch & Scheier, 2003). In the present study we therefore also aimed to test whether the 
relations between personality and QOL in adolescents with asthma might be explained by 
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their ways of coping with asthma or by symptom reporting. In sum, the present survey study 
tested which personality traits were related to QOL in a sample of 405 12 to 16-year-olds 
with asthma. In addition, it was tested whether these relations between personality and QOL 
were mediated by coping with asthma and by symptom reporting (see Figure 1). 
Symptom
reporting
Agreeableness Coping Quality of Life
Conscientiousness
Extraversion
Openness
Neuroticism
 
Figure 1. Theoretical model of the associations between personality, QOL, coping and symptom 
reporting. 
Methods
Sample and Sampling Procedure
The present study was approved by our local medical ethics committee (CMO Arnhem-
Nijmegen). Data were collected between January and May 2003 from a large national 
sample of Dutch adolescents with and without asthma (see also Van De Ven, Van Den 
Eijnden, & Engels, 2006a). We randomly selected and approached 55 government-funded 
secondary schools in four regions of the Netherlands of which 33 school boards agreed to 
participate. Participation in other studies was the main reason for refusal. In the Netherlands, 
the majority of secondary schools in the Netherlands are privately managed, but almost all 
schools are funded by the government. 
Students from the first and second years of secondary school were asked to fill out written 
questionnaires during school hours, supervised by a teacher. An extended version of the 
asthma questionnaire of the International Study of Asthma and Allergies in Childhood 
(ISAAC) (Asher et al., 1995), translated into Dutch (Wieringa, Weyler, Van Bever, Nelen, 
& Vermeire, 1999), was used to identify adolescents with asthma. This questionnaire was 
designed for population-based research, is a valid instrument to measure the prevalence of 
atopic diseases in children and adolescents (Asher et al., 1995; Pearce et al., 1993; Shaw 
et al., 1995), and has good sensitivity and specificity (Jenkins et al., 1996). Students who 
reported lifetime asthma and who either reported they had suffered from asthma in the past 
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12 months or who had used asthma medication in the past 12 months were categorized as 
having current asthma (Van De Ven, Engels, Otten, & Van Den Eijnden, 2007; Van De Ven, 
Engels, Sawyer, Otten, & Van Den Eijnden, 2007) and were asked to fill out a questionnaire 
designed for adolescents with asthma. Two versions of the asthma questionnaire were 
constructed: a shortened version for adolescents following lower vocational training, and a 
slightly longer questionnaire for adolescents following intermediate vocational training or 
high school/pre-university education. Only the questionnaire for the adolescents following 
intermediate vocational training or high school/pre-university education contained questions 
about personality, so only these adolescents were included in the analyses. This resulted in a 
sample of 405 adolescents with current asthma. The respondents had suffered from asthma 
for a mean period of 7.04 years (SD 4.09). The mean age of the respondents was 13.13 (SD 
= 0.74), of whom 215 (53.1%) were girls. Most students were of Dutch origin (80.5%) and 
lived in two-parent families (84.0%).
Measures 
Personality. Personality was assessed with the Quick Big Five (Vermulst, 2005). This well-
validated instrument aims to assess the factors of the five-factor Model of Personality, 
the Big Five (Goldberg, 1990). The questionnaire consisted of 30 traits (6 items for each 
personality factor), and adolescents were asked to rate on a 7-point scale (“completely 
untrue” to “completely true”) to what extent each trait applied to them. The dimension 
Extraversion was operationalized by items such as talkative, quit (recoded) and withdrawn 
(recoded) (Cronbachs alpha (α) = .75). Conscientiousness was measured with adjectives 
such as organized, systematic, and efficient (α = .83); Agreeableness by adjectives such as 
kind, likeable and cooperative (α = .84); Neuroticism (the opposite of Emotional Stability) 
by adjectives such as nervous, fearful and sensitive (α = .83), and Openness by adjectives 
such as creative, artistic and versatile (α = .68). This instrument was used in several studies 
among adolescents (e.g., Harakeh, Scholte, De Vries, & Engels, 2006; Scholte, Van Aken, & 
Van Lieshout, 1997), and showed to be a valid and reliable way of measuring the Big Five 
personality factors (Akse, 2006).
Quality of Life. QOL was measured with a Dutch translation of the Adolescent Asthma 
Quality of Life Questionnaire (AAQOL) (Rutishauser, Sawyer, Bond, Coffey, & Bowes, 2001). 
This asthma-specific QOL instrument was designed specifically for this age group, and 
covered domains that were particularly relevant for adolescents with asthma. The instrument 
showed good construct validity, high test-retest reliability (Rutishauser et al., 2001), and had 
been validated among Australian and European adolescents (Somerville et al., 2004). The 
AAQOL questionnaire consists of six domains: the symptoms domain (6 items, e.g., “How 
bothered have you been by coughing”, α = .90), the medication domain (5 items that tap 
the concerns adolescents have about their medication, e.g., “How bothered did you feel 
about having to carry your inhaler with you”, α = .72), the physical activities domain (6 
items, e.g., “How often have you been restricted in sports, hobbies or other recreational 
activities because of your asthma”, α = .82), the emotions domain (5 items, e.g., “How often 
did you feel frustrated because of your asthma”, α = .90), the social interaction domain (5 
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items that measure the impact asthma has on the social life of adolescents, e.g., “How often 
have you been annoyed by your asthma when going to a party”, α = .70), and the positive 
effects domain (5 items, α = .79, e.g., “How often has your asthma brought you closer as 
a family”). All items were measured on 7-point Likert scales (either ranging from “all of 
the time” to “none of the time”, or ranging from “extremely bothered” to “not bothered at 
all”, depending on the question), mean scores were calculated for each domain. However, 
because of the possible overlap between the symptoms domain and the symptom reporting 
scale, the symptoms domain was not included in the analyses. As recommended by the 
authors, the first domains are added together to create one scale called overall QOL (α = 
.92). The positive effects domain could not be included in the overall score because it cannot 
be meaningfully added to the total score (Rutishauser et al., 2001) and will be subsequently 
handled separately. Higher scores represent a better QOL in that domain. 
Coping strategies. Coping strategies were assessed in adolescents with asthma, using the 
Asthma-Specific Coping Scale (Aalto, Harkapaa, Aro, & Rissanen, 2002), a modification 
of the trait form of the Asthma Coping Scale (Maes & Schlösser, 1987). The psychometric 
properties of this instrument had been tested in a validation study among a large general 
asthma sample of 3,459 adults and in two smaller intervention samples of adults (Aalto et al., 
2002). The results of this validation study supported construct, concurrent, and discriminant 
validity, and Cronbachs alpha’s ranged from .63 to .84. The scale comprises six subscales: 
restricted lifestyle (4 items, e.g., “I avoid exertion”, α = .70 in our sample of adolescents), 
hiding asthma (4 items, e.g., “I avoid talking about my asthma”, α = .69), positive reappraisal 
(4 items, e.g., “I try to learn something positive from my falling ill and related experiences”, 
α = .62), information seeking (4 items, e.g., “I try to find out more about my asthma”, α 
= .73), ignoring asthma (4 items, e.g., “I avoid thinking about my asthma”, α = .70) and 
worrying about asthma (3 items, e.g., “I am afraid that my asthma will get worse”, α = .64). 
All items were measured on a 4-point Likert scale (hardly ever to almost always). Responses 
were averaged to yield a score for each domain; higher scores indicated more use of this 
coping strategy. 
Symptom reporting. Symptoms of asthma were measured with a Dutch translation of the 
student questionnaire of the American College of Allergy, Asthma and Immunology (ACAAI) 
(Redline et al., 2004). Respondents were asked to indicate on a 3-point scale (never, 
sometimes, a lot) how often they suffered from seven symptoms (e.g., “I wake up at night 
because I have trouble breathing”). Responses were averaged to form a symptoms score (α 
= .68); higher scores indicated that the adolescent reported more symptoms. 
Demographic information. Gender, age, ethnicity (Dutch vs. Non-Dutch) and education level 
(intermediate vocational training vs. high school/pre-university education) were included in 
all analyses as possible confounders. 
Data Analysis
Three sets of analyses were conducted. First, Pearson correlation coefficients between 
personality, QOL, coping strategies, and symptom reporting were calculated. Second, the 
direct relations between personality and QOL were tested with structural equation modelling 
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(SEM) using the program Amos 5 (Arbuckle, 2003). In the last step of the analyses, the mediating 
relations via coping and symptom reporting were tested with SEM as well. Mediation occurs 
when a variable (X) that was previously related to an outcome (Y) is no longer related after 
adding the mediating (intervening) variable (M) to the model (complete mediation) (Baron & 
Kenny, 1986). In the case of partial mediation, the independent variable (X) is still related to Y, 
but the strength of this relation is reduced after adding the mediating variable to the model.
SEM serves purposes similar to multiple regression, but has some extra advantages: 
instead of individual coefficients, overall models can be tested, and it is possible to specify 
and estimate hypothesized pathway models with multiple mediating variables and multiple 
outcome variables. In this study, a model is tested with two outcome measures (overall QOL 
and positive QOL) and seven mediating variables (six coping strategies and symptoms of 
asthma). Therefore, SEM is a useful approach to test this model.
Missing values were analysed with Little’s MCAR test, which was not significant (χ² = 
682.6; df = 713; p = 0.79), showing that they were missing completely at random. Missing 
values were handled by the full-information maximum likelihood (FIML) approach in AMOS: 
they were estimated using the available information in the dataset by casewise maximizing 
the likelihood of the observed data (Wothke, 2000).
The latent variable overall QOL was measured by four observed indicators: the scores on 
the first four subscales of the AAQOL questionnaire. The other constructs in the models –
confounders (age, gender, education level and ethnicity), personality traits, coping strategies, 
symptom reporting, and positive QOL – correspond to the observed mean scores for these 
variables (i.e., observed variables). In the direct model, all paths between personality 
and QOL (overall QOL and positive QOL) were estimated, as well as paths between the 
confounders and QOL. Further, all correlations between the personality factors and the 
confounders were modelled, as well as the correlation between the two QOL variables. In 
the mediation model we added the paths from all personality factors and the confounders 
to the six coping strategies and symptoms of asthma, as well as those from coping and 
symptoms to the two QOL variables. Correlations between the six coping strategies and 
symptoms of asthma were also estimated. 
Maximum likelihood estimation was used to test the direct and mediation models. The 
model with direct effects had 32 degrees of freedom, the mediation model with coping and 
symptoms of asthma had 53 degrees of freedom, which is sufficient to achieve power of 0.80 
with our sample size (N = 405) (MacCallum, Browne, & Sugawara, 1996). The goodness of 
fit of the model was evaluated with several fit indices. The chi-square value with degrees of 
freedom and the p-value of the model were calculated. However, because the chi-square 
is extremely sensitive to sample size, other fit measures (independent of N) were included 
as well. This study evaluated a chi-square test based index, a comparative-fit index and 
an absolute-fit index, respectively the chi-square to degrees of freedom ratio (χ²/df), the 
comparative fit index (CFI) and the root mean square error of approximation (RMSEA). A 
model that fits the data well should have good results on many different fit indices. The 
χ²/df ratio should be less than 3. For CFI, values greater than 0.90 suggest an acceptable fit 
between the model and the data; values greater than 0.95 indicate a good fit (Kaplan, 2000). 
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For RMSEA, values below 0.08 indicate an acceptable fit; values below 0.05 indicate a good 
fit (Kaplan, 2000). Trimming the models by deleting non-significant paths did not increase 
the fit of the model. So although only significant paths were shown in Figure 2 and Figure 3, 
but it is important to stress that all paths were included in the analyses.  
Results
Descriptive statistics
Means and standard deviations of personality, QOL, coping, and symptom reporting, as well 
as correlations between these variables are depicted in Table 1. Adolescents with higher 
scores for extraversion were less conscientious, more agreeable, and less neurotic. Positive 
associations were found between conscientiousness, agreeableness and openness. More 
conscientious adolescents scored higher on neuroticism. Extraversion was positively related 
to the first four QOL subscales whereas neuroticism was negatively related to these four 
QOL subscales. Adolescents who were more agreeable and open had higher scores on the 
positive QOL subscale. Several associations between personality and coping were found. In 
general, extravert adolescents made less use of coping strategies, whereas adolescents high 
on conscientiousness, agreeableness, openness and neuroticism used coping strategies more 
often. Neuroticism was the only personality trait univariately related to symptom severity.
The first four QOL subscales (medication, physical activities, emotions, and social 
interaction) were strongly and positively interrelated, and moderately negatively related to 
the positive QOL scale, supporting the integration of these subscales (and not the positive 
QOL domain) into an overall QOL score. These first four QOL subscales were negatively 
related to all coping strategies and symptoms of asthma. So making more use of the coping 
strategies, and reporting more symptoms was related to lower overall QOL of adolescents 
with asthma. The positive QOL domain was negatively related to hiding asthma, but 
positively related to the other coping strategies (except for ignoring asthma). 
All coping strategies were positively related (except for hiding asthma with positive 
reappraisal and hiding asthma with information seeking), and positively related to symptoms 
of asthma (except for hiding asthma). 
Structural Equation Models for the relation between personality and QOL
Figure 2 (the direct model) and Figure 3 (the mediation model) show the results of the 
SEM analyses. To ease presentation, the standardized factor loadings of the latent variable 
overall QOL, the significant correlations, as well as the significant standardized regression 
weights from the confounding variables are presented in Table 2 instead of in Figure 2 
and Figure 3, separately for the direct and mediation models (a table including all non-
significant correlations and standardized regression weight is available from the first author 
upon request). The standardized factor loadings for overall QOL varied between .72 and 
.91, and were thus sufficiently high, indicating that a higher-order factor existed for overall 
QOL.
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Table 1. Pearson correlations betw
een m
odel variables w
ith m
eans (SD
) for each of the variables. 
Personality
Q
O
L
C
oping
Sym
ptom
s
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
Personality
1. 
Extraversion
2. 
C
onscientiousness
 -.12*
3. 
A
greeableness
 
.26***
 
.27***
4. 
O
penness
 
.08
 
.26***
 
.63***
5. 
N
euroticism
 -.54***
 
.11*
 -.09
 
.05
Q
uality of Life
6. 
M
edication
 
.13*
 
.00
 -.07
 -.01
 -.16**
7. 
Physical activities
 
.17**
 
.03
 -.06
 -.06
 -.20***
 
.53***
8. 
Em
otions
 
.16**
 
.02
 -.08
 -.10
 -.22***
 
.65***
 
.75***
9. 
Social interaction
 
.17**
 -.04
 -.08
 -.06
 -.21***
 
.60***
 
.59***
 
.70***
10. 
Positive effects
 
.03
 -.01
 
.21***
 
.19**
 
.03
 -.20***
 -.34***
 -.40***
 -.48***
C
oping
11. 
R
estricted lifestyle
 -.15**
 
.06
 
.06
 
.09
 
.12**
 -.40***
 -.50***
 -.49***
 -.59***
 
.28***
12. 
H
iding asthm
a
 -.18**
 -.03
 -.18**
 -.03
 
.13**
 -.18**
 -.12*
 -.15**
 -.12*
 -.15**
 
.13*
13. 
Positive reappraisal
 
.03
 
.16**
 
.23***
 
.16**
 -.02
 -.17**
 -.11*
 -.22***
 -.21***
 
.37***
 
.30***
 
.02
14. 
Inform
ation seeking
 -.01
 
.07
 
.12*
 
.13*
 
.04
 -.38***
 -.32***
 -.39***
 -.35***
 
.34***
 
.49***
 
.05
 
.50***
15. 
Ignoring asthm
a
 -.09
 
.01
 
.04
 
.12*
 
.09
 -.24***
 -.12*
 -.16**
 -.09
 
.01
 
.19***
 
.52***
 
.28***
 
.17***
16. 
W
orrying asthm
a
 -.18**
 
.13*
 
.10
 
.13*
 
.26***
 -.49***
 -.45***
 -.57***
 -.52***
 
.21***
 
.47***
 
.28***
 
.32***
 
.57***
 
.27***
Sym
ptom
s
17. 
Sym
ptom
 reporting
 -.04
 
.00
 
.04
.04
.16**
 -.31***
 -.47***
 -.39***
 -.33***
 
.10
 
.27***
 
.09
 
.10*
 
.19***
 
.14**
 
.26***
M
ean
4.56
4.17
5.45
4.86
3.85
5.50
4.92
5.60
5.69
3.41
1.75
1.86
2.19
1.68
1.87
1.56
1.71
SD
1.17
1.25
0.95
0.97
1.27
1.09
1.41
1.32
1.10
1.47
0.67
0.68
0.71
0.64
0.76
0.63
0.36
N
ote.   * p <
 0.05; ** p  <
 0.01; ***  p <
 0.001 (2-tailed).
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Table 2. Standardized factor loadings of latent factor overall QOL, significant correlations of the direct 
and mediation model, and standardized regression weights of significant paths with confounding 
variables. 
Direct model Mediation model
p p
Factor loadings
Overall QOL → QOL medication  .72 < 0.001  .72 < 0.001
Overall QOL → QOL physical activities  .80 < 0.001  .81 < 0.001
Overall QOL → QOL emotions  .91 < 0.001  .90 < 0.001
Overall QOL → QOL social interaction  .78 < 0.001  .79 < 0.001
Significant correlations
Overall QOL ↔ QOL positive effects  -.48 < 0.001  -.45 < 0.001
Neuroticism  ↔ Conscientiousness  .11 ns   .11 < 0.05
Neuroticism  ↔ Extraversion  -.55 < 0.001  -.55 < 0.001
Openness  ↔ Agreeableness  .63 < 0.001  .63 < 0.001
Openness  ↔ Conscientiousness   .26 < 0.001  .26 < 0.001
Agreeableness ↔ Conscientiousness   .27 < 0.001  .27 < 0.001
Agreeableness ↔ Extraversion   .27 < 0.001  .27 < 0.001
Conscientiousness ↔ Extraversion  -.12 < 0.05  -.12 < 0.05
Conscientiousness ↔ Ethnicity  -.13 < 0.05  -.13 < 0.05
Agreeableness ↔ Age  -.12 < 0.05  -.11 < 0.05
Neuroticism  ↔ Gender   .12 < 0.05  .13 < 0.05
Age ↔ Education level  -.11 < 0.05  -.11 < 0.05
Ethnicity ↔ Education level   .15 < 0.01  .15 < 0.01
Coping Restricted lifestyle ↔ Coping Positive reappraisal  .31 < 0.001
Coping Restricted lifestyle ↔ Coping Information seeking  .48 < 0.001
Coping Restricted lifestyle ↔ Coping Ignoring asthma  .17 < 0.01
Coping Restricted lifestyle ↔ Coping Worrying about asthma  .43 < 0.001
Coping Hiding asthma ↔ Coping Ignoring asthma  .52 < 0.001
Coping Hiding asthma ↔ Coping Worrying about asthma  .26 < 0.001
Coping Positive reappraisal ↔ Coping Information seeking  .51 < 0.001
Coping Positive reappraisal ↔ Coping Ignoring asthma  .27 < 0.001
Coping Positive reappraisal ↔ Coping Worrying about asthma  .32 < 0.001
Coping Information seeking ↔ Coping Ignoring asthma  .14 < 0.01
Coping Information seeking ↔ Coping Worrying about asthma  .56 < 0.001
Coping Ignoring asthma ↔ Coping Worrying about asthma  .24 < 0.001
Coping Restricted lifestyle ↔ Symptom reporting  .24 < 0.001
Coping Positive reappraisal ↔ Symptom reporting  .11 < 0.05
Coping Information seeking ↔ Symptom reporting  .18 < 0.001
Coping Ignoring asthma ↔ Symptom reporting  .12 < 0.05
Coping Worrying about asthma ↔ Symptom reporting  .23 < 0.001
Significant standardized regression weights confounding variables
Ethnicity → Overall QOL   .13 < 0.05  .07 ns
Education level → Overall QOL   .11 < 0.05  .04 ns
Gender → Coping Restricted lifestyle  .12 < 0.05
Gender → Symptom reporting  .14 < 0.01
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Figure 2. Structural equation model with standardized coefficients for the direct model of personality 
and QOL. Only significant paths are given in this figure. Number of distinct sample moments 119; 
number of distinct parameters to be estimated 87. Age, gender, ethnicity, and education level are not 
in this figure, but they were included in the analyses (see Table 2). N=405, χ2 [32] = 69.35, p = 0.000, 
χ²/df = 2.17, CFI = 0.971, RMSEA = 0.054; R² overall QOL = 0.14; R² positive QOL = 0.06. * p < 0.05; 
**  p  < 0.01.
The relationship between personality and QOL: the direct model.
Figure 2 shows the significant paths of the direct model. The model fitted the data well 
(χ²/df ratio below 3; CFI was above 0.95, RMSEA was below 0.08), and explained six 
percent of the variance in the positive QOL domain and 14% of the variance in overall 
QOL. Overall QOL was better in adolescents with higher scores on extraversion and lower 
scores on neuroticism. Agreeableness was the only personality trait that was related to the 
positive QOL domain, with higher positive QOL for adolescents with higher scores for 
Agreeableness. Openness and Conscientiousness were not related to QOL.
The mediating roles of coping and symptoms of asthma in the relationship between 
personality and QOL: the mediation model.
Figure 3 shows the significant paths with standardized regression weights of the mediation 
model. This model also fitted the data well (χ²/df ratio below 3; CFI was above 0.95, RMSEA 
was below 0.08), and explained twenty-five percent of the variance in the positive QOL 
domain and 60% of the variance in overall QOL. 
Overall
QOL
QOL
positive effects
.17*
Openness
Extraversion
Agreeableness
Conscientiousness
Neuroticism
.19*
-.17**
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1 Four steps have to be conducted to test for mediation (Baron & Kenny, 1986). In the first step we needed to show that the personality 
is related to QOL, which is shown in our direct model (Figure 2). In step two, we needed to show that personality is related to 
the mediating variables coping and symptom reporting in a model with coping as a dependent variable. In the third step, the 
mediating variables need to be related to the outcome in a model in which personality is included as well, which is shown in our 
mediation model (Figure 3). In the last step, in order to establish that coping and symptom reporting indeed completely mediate 
the relation between personality and QOL, the relations between personality and QOL that were significant in the direct model 
should not be significant anymore. This is shown in our mediation model as well. An additional model without QOL (step 2) was 
tested to make sure that all steps for mediation were met (not in table). The results showed several relations between personality and 
mediating variables. Extraversion was related to a restricted lifestyle, agreeableness with hiding asthma and positive reappraisal, and 
neuroticism with worrying about asthma and symptom reporting. 
Figure 3. Structural equation model with standardized coefficients for the mediation model of personality 
and QOL. Only significant paths are given in this figure. Number of distinct sample moments 252; 
number of distinct parameters to be estimated 199. Age, gender, ethnicity, and education level are not 
in this figure, but they were included in the analyses (see Table 2). N=405, χ2 [53] = 128.60, p = 0.000, 
χ²/df = 2.43, CFI = 0.967, RMSEA = 0.059; R² overall QOL = 0.60; R² positive QOL = 0.25. * p < 0.05; 
**  p  < 0.01; ***  p < 0.001.
Extraversion was related to better QOL in the direct model. The mediation model shows 
that extraversion was no longer directly related to QOL, since this relation is completely 
mediated by the coping strategy restricted lifestyle1. Extraverted adolescents were less 
inclined to restrict their lifestyle (e.g., avoiding situations that could trigger asthma), a coping 
strategy which is related to poorer overall QOL. Thus, because extraverts were less inclined 
to use this coping strategy, they had a better overall QOL. 
Neuroticism was the other personality factor related to QOL in the direct model. The 
results of the mediation model in Figure 3 show that this relation was fully mediated by 
the coping strategy worrying about asthma and by symptom reporting. Adolescents higher 
on neuroticism worried more about their asthma and reported more symptoms of asthma, 
Coping
inform. seeking
Coping
restricted lifestyle
Coping
positive reappr..
Coping
worrying asthma
Coping
hiding asthma
Coping
ignoring asthma
OverallQOL
QOL
positive effects
-.30***
Openess
Extraversion
Agreeableness
Conscientiousness
Neuroticism
Symptom
reporting
-.13*
-.39***
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-.17*
-.23**
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.26***
.16**
-.13*
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which both reduced overall QOL. The direct relation between neuroticism and overall QOL 
is not significant in the mediation model. 
The relationship between agreeableness and positive QOL was mediated by the coping 
strategies hiding asthma and positive reappraisal. Agreeable adolescents tended to hide their 
asthma to a lesser extent, and less endorsement of this coping strategy was related to higher 
positive QOL. Agreeable adolescents also made more use of the coping strategy positive 
reappraisal, which in turn was also related to better positive QOL. In the mediation model, 
the relation between agreeableness and positive QOL was not significant anymore. 
Besides these mediation effects, the results of the mediation model show that conscientious 
adolescents had better overall QOL, but lower positive QOL. This was not significant in the 
direct model (standardized regression weight was 0.12 (p = 0.052) for overall QOL; -.09 (p 
=0.13) for positive QOL in the direct model). In addition, a significant path was found for 
restricted lifestyle: adolescents who made more use of this coping strategy had better scores 
on the positive QOL domain.
To test whether the relations between personality, coping, symptom reporting, and QOL 
are different for boys and girls, multigroup analysis with chi-square difference testing was 
applied (Arbuckle, 2003). No significant differences were found in the factor loadings or 
regression weights, indicating that there were no differences between boys and girls in the 
strengths of the paths in both the direct and mediation models.
Discussion
Most previous research on QOL of adolescents with asthma focused on the role of disease 
characteristics, such as asthma severity (e.g., Warschburger et al., 2004). However, a recent 
study suggested that psychological factors, such as internalizing and externalizing problem 
behaviour, were more important predictors of QOL than asthma severity in children and 
adolescents with asthma (Goldbeck et al., 2007), and there is a growing interest in the role of 
psychological factors in QOL of people with asthma (e.g., Adams et al., 2004; Marsac, Funk, & 
Nelson, 2007). The present study is the first to test the relations between personality and QOL 
in adolescents with asthma, as well as to test mediating mechanisms to explain these relations. 
Personality was examined by using the Five Factor Model (FFM) (Goldberg, 1990). Adolescents 
high on extraversion and low on neuroticism had better overall QOL, while adolescents high on 
agreeableness had better QOL related to experiencing more positive effects of having asthma. 
In addition, the present study showed that most of these relations between personality and QOL 
could be explained by differences in coping strategies and symptom reporting. 
The positive relation between extraversion and QOL in adolescents with asthma is in line 
with most research in other patient groups (Masthoff et al., 2007; Penedo et al., 2003; Van 
Straten et al., 2007; Yamaoka et al., 1998), although research on pediatric groups revealed 
hardly any relation between extraversion and QOL (De Clercq et al., 2004; Vollrath & Landolt, 
2005). Extraversion is believed to affect QOL because of a higher tendency to experience 
positive emotions (Masthoff et al., 2007). Therefore, one would expect that adolescents who 
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were high on extraversion would make more use of the coping strategy positive reappraisal. 
However, this study showed that the positive relation between extraversion and QOL was 
explained by making less use of the coping strategy restricted lifestyle, which resulted in 
higher overall QOL. Adolescents with asthma who are high on extraversion do less often 
avoid situations because of their asthma; they seem to think the social advantages of going 
to activities outweigh the risks of getting asthma-related problems. This is in line with the 
hypothesis that people high on extraversion have a focus on external contacts, which may 
take away the focus on one’s own problems (Van Straten et al., 2007). 
Adolescents with asthma who were high on neuroticism (thus less emotionally stable) 
reported a lower overall QOL. This negative relation between neuroticism and QOL is 
consistently found in studies on both adult and paediatric patient groups (e.g., De Clercq et 
al., 2004; Masthoff et al., 2007; Van Straten et al., 2007; Vollrath & Landolt, 2005). Previous 
studies suggested that people high on neuroticism may experience a reduced QOL because 
they have less successful ways of coping with stress (Vollrath, 2001) and because they 
recall and report more symptoms (Larsen, 1992). The results of the present study provided 
support for these explanations in the case of adolescents with asthma. Adolescents high on 
neuroticism reported more symptoms, which in turn was associated with poorer overall 
QOL. In addition, they worried more about their asthma, which also is related to a lower 
overall QOL. These two mechanisms together may explain why neuroticism is negatively 
related to QOL in adolescents with asthma. However, we should be careful with assuming 
that people high on neuroticism report more symptoms because of memory effects such as 
recall bias (Larsen, 1992). Other hypotheses were suggested to explain the relation between 
neuroticism and symptom reporting besides the symptom perception hypothesis (persons 
high on neuroticism overreport symptoms without the existence of actual differences in 
objective health). Another hypothesis is the psychosomatic hypothesis, in which neuroticism 
can cause health problems whereas according to yet another hypothesis, the disability 
hypothesis, neuroticism is the result of health problems, not the cause (Watson & Pennebaker, 
1989). Based on the present study, it is not possible to determine how the relation between 
neuroticism and symptom reporting may be explained. Future research may test the symptom 
perception hypothesis by also assessing objective measures of asthma (e.g., lung function 
measures). This makes it possible to test whether adolescents high on neuroticism report 
more symptoms after controlling for objective measures of severity of asthma. The other 
two hypotheses could be tested by longitudinal designs, in which both neuroticism and 
symptoms of asthma are measured at more time points. Analyses with cross-lagged models 
could test whether neuroticism is the result or cause of health problems. 
The results of this study also demonstrated that more agreeable adolescents have better 
positive-effects QOL, thus experience more positive effects of asthma. Several mechanisms for 
this relation were suggested. Agreeable children and young adolescents are believed to have 
more friends, are more relaxed and pay less attention to physical discomfort (Van Straten et 
al., 2007). They perceive more social support from their families (Branje et al., 2004; Vollrath 
& Landolt, 2005), and coping skills of children and young adolescents high on benevolence 
(the term used for agreeableness in research on paediatric groups) are assumed to be better 
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(Vollrath & Landolt, 2005). Our findings indicate that agreeable adolescents hid their asthma 
to a lesser extent, which resulted in better positive-effects QOL, presumably because more 
people in their social environment were aware of their illness. In addition, the positive relation 
between agreeableness and positive-effects QOL was explained by increased use of positive 
reappraisal. Since agreeable adolescents try to see the positive aspects related to having asthma, 
and do not try to hide it, it may be easier for people in their immediate social environment 
(e.g., their family, friends, and students and teachers at school) to support these adolescents, 
and to accept the limitations associated with having asthma.
In the literature about the relationship between openness to new experiences and QOL, 
contradictory results had been found among adults (Masthoff et al., 2007; Penedo et al., 
2003; Van Straten et al., 2007), but in studies among children and young adolescents a 
positive relationship was found (De Clercq et al., 2004; Vollrath & Landolt, 2005). Although 
openness was correlated to better positive-effects QOL in the bivariate analyses of the 
present study, the results of both the direct and the mediation model showed no relation 
between openness and QOL. In addition, no association between conscientiousness and 
QOL of adolescents with asthma was found in either the bivariate analyses or the direct 
(multivariate) model. In the mediation model, conscientiousness was directly associated 
with better overall QOL and poorer positive-effects QOL. However, these associations 
were not very strong, and due to the absence of associations between this personality trait 
and QOL in the bivariate as well as direct analyses, it is hard to interpret them. Due to 
these differences in the results for openness and conscientiousness between the bivariate 
analyses, the multivariate direct model, and the mediation model, it is necessary to conduct 
more research testing the relations between these personality traits and QOL of adolescents 
with asthma, using other samples.
Some associations between personality traits and the coping strategies or between 
the coping strategies and QOL were significant in the univariate analyses, but not in the 
multivariate models. Most of these correlations were low, ranging from -.11 (for the relation 
between the coping strategy positive reappraisal and the physical activities domain of QOL) 
to -.24 (for the relation between the coping strategy ignoring asthma and the medication 
domain of QOL). However, even though the correlations between information seeking and 
all QOL domains were moderate (ranging from .32 for the physical activities domain to 
.39 for the emotions domain), the coping strategy information seeking was not significantly 
related to either overall QOL or to positive effects QOL in the multivariate model. This may 
be explained by the high correlations between information seeking on the one hand, and 
the coping strategies restricted lifestyle (.49) and positive reappraisal (.50) on the other. 
The multivariate model adjusts for these high correlations, and there is no longer a unique 
contribution of information seeking.
In sum, our study was the first to demonstrate relations between personality traits and 
QOL in a sample of adolescents with asthma. These results have implications for adolescents 
with asthma. We showed that QOL of adolescents with asthma is not only depending on 
disease characteristics such as severity of symptoms, but also depends on personality traits 
via coping strategies and symptom reporting. Although personality traits may be harder to 
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change, the associated coping strategies are changeable by interventions (e.g., Colland, 
1993). These personality traits may act as an early signal for reduced QOL in adolescents 
with asthma, and tailored coping interventions could be given to adolescents with personality 
traits associated with lower QOL. Short personality questionnaires like the one we used in 
this study (The QBF, Vermulst, 2005) may be used as a screening instrument for new cases of 
asthma to assess which adolescents are at risk for low QOL, at a time when coping strategies 
are not yet developed because asthma has just been diagnosed. These adolescents could 
be offered an intervention aimed at learning successful coping strategies and refraining 
from the use of unsuccessful coping strategies related to that personality trait. For instance, 
adolescents low on extraversion are at risk to have a reduced QOL, for they more often have 
a restricted lifestyle, probably because they fear an asthma attack. An intervention aimed 
at familiarizing these adolescents with triggers of asthma, and enhancing their knowledge 
about how to manage their asthma and possible attacks, will probably make adolescents 
feel more confident to participate in activities instead of restricting their lifestyle, and also 
may reduce worrying in adolescents high on neuroticism. Other interventions could aim 
at reducing the use of the coping strategy hiding asthma, such as social skills training, 
assertiveness training, or peer support programmes (e.g., Olsson, Boyce, Toumbourou, & 
Sawyer, 2005; Shah et al., 2001) especially for adolescents low on agreeableness.
This study has several strengths. We used validated instruments, including the coping and 
QOL measures that were especially designed for people with asthma. The results are based 
on a large community sample, ruling out the risk of self-selection biases, and included 
adolescents with a wide range of levels of asthma severity. Sophisticated statistical methods 
(SEM) were used to test the relations between personality, coping, symptom reporting, 
and QOL, and all analyses were corrected for important social-demographic information. 
However, the results of this study should be viewed in the light of its limitations as well. 
Due to the cross-sectional design of this study, it is not possible to determine the direction 
of the associations found in this study. For instance, we assumed that using successful 
coping strategies is a predictor of better QOL. However, it is also possible that it is easier for 
adolescents with better QOL to engage in successful coping strategies. Personality is often 
assumed to be stable over the lifespan, but recent studies showed that personality is subject 
to change during adolescence (e.g. Akse, Hale, Engels, Raaijmakers, & Meeus, 2007). 
Therefore, we cannot rule out that QOL, or coping, or symptom reporting my influence 
personality. For instance, having poorer QOL may make adolescents more withdrawn (i.e., 
less extravert), because they need to focus more on their symptoms and need to stay away 
from situations that could trigger their asthma. Longitudinal studies are needed to determine 
the directions of relations between personality, coping, symptom reporting and QOL. One 
other limitation is that, due to the design of our study, no adolescents with lower education 
(i.e., lower vocational training) were included. It is not possible to generalize the results 
toward these lower education levels, for example because this low-education population 
may be exposed to other stressors, may experience other levels of social support, or have 
different levels of acceptance of asthma within schools (among students and teachers). 
Future research should replicate the results of this study also in these education levels.  
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Despite these limitations, our findings show that extraversion and agreeableness are 
related to better QOL, whereas neuroticism is related to poorer QOL among adolescents 
with asthma. In addition, this study shed light on mechanisms that could explain these 
relations, i.e. the role of personality on QOL is mediated by coping strategies and symptom 
reporting. These findings will help to better understand what determines QOL in adolescents 
with asthma, and how to design interventions that could facilitate minimizing the negative 
effects of having asthma on the QOL of these adolescents. 
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Abstract
The aim of this study was to identify associations between adolescent smoking and quitting 
patterns and later nicotine dependence (ND). The design was a ten-year, eight-wave 
prospective cohort study of a state-wide community sample in Victoria, Australia. Participants 
were 1,943 students from 44 secondary schools, initially aged 14 to 15 years. Adolescent 
smoking and quitting patterns was assessed during wave 1-6 with self-reported frequency 
of use and a seven-day retrospective diary. The Fagerstrom Test for Nicotine Dependence 
(ND) was used to assess dependence at the age of 24 (wave 8). The prevalence of young 
adult ND was 15.3% for all adolescent smokers, with prevalence rates of 6.3% and 23.2% 
respectively for adolescent non-daily and daily smokers. Adolescent maximum smoking 
levels, onset of daily smoking, duration of smoking, escalation time and quitting time were 
all associated with later ND. There were marked differences in prediction across subgroups 
of adolescent non-daily and daily smokers suggesting that different interventions may be 
necessary for non-daily and daily smokers in adolescence. For non-daily smokers, tobacco 
control interventions should focus on the prevention of transition to daily smoking. For daily 
smokers, quitting for 12 months during adolescence was sufficient to reduce the risk of 
ND to a level similar to never smokers. This finding may provide a framework for tobacco 
control efforts aimed at adolescents as well as for clinical interventions.   
Introduction
Smoking remains the most common cause of preventable deaths, with an estimated 5 million 
deaths attributed to tobacco induced diseases per year worldwide (WHO, 2003a). Although 
smoking rates in adults have dropped (Levy, Nikolayev, & Mumford, 2005), smoking rates 
during adolescence and young adulthood remain high (Lantz, 2003). 
Smoking usually starts during the second decade of life. For most drugs, use diminishes in 
the third decade, but this is less the case for tobacco. A substantial proportion of adolescent 
smokers develop nicotine dependence in young adulthood (Patton, Coffey, Carlin, Sawyer, 
& Wakefield, 2006), and are at risk of becoming hardcore smokers and resistant to tobacco 
control efforts (Jarvis, Wardle, Waller, & Owen, 2003; Warner & Burns, 2003). Some 16% of 
all smokers in the UK (Jarvis et al., 2003), and 5% of smokers aged 26 or above in California 
(Emery, Gilpin, Ake, Farkas, & Pierce, 2000) have been categorised as hardcore. 
Factors that predict later nicotine dependence include parental smoking, adolescent 
cannabis use, co-morbid psychiatric disorders, socio-demographics and genetic 
predisposition (e.g., Li, 2006; Olsson et al., 2004; Patton, Coffey, Carlin, Sawyer, & Lynskey, 
2005; Patton et al., 2006; Siahpush, McNeill, Borland, & Fong, 2006). Surprisingly, smoking 
patterns during the teens have received little attention as predictors of later smoking and 
nicotine dependence. There has, nevertheless, been some speculation that factors such as 
the frequency and duration of adolescent smoking, rates of escalation of use , age of onset 
and quitting attempts might predict adult ND (Dierker et al., 2007; DiFranza, Savageau, et 
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al., 2004; Karp, O’Loughlin, Paradis, Hanley, & Difranza, 2005; Schumann, Hapke, Meyer, 
Rumpf, & John, 2004; Xian et al., 2007). However, to date there is little empirical evidence 
to support this speculation. For tailored interventions during adolescence, it would also be 
important to determine whether such factors are of similar importance in different subgroups, 
such as adolescent occasional smokers and regular smokers.
We have used data from a ten-year, eight-wave prospective community study (the Victorian 
Adolescent Health Cohort study), to examine associations between a) adolescent smoking 
level and young adult ND and b) specific patterns of adolescent smoking and quitting 
behaviour and young adult ND. This last question was tested among all adolescent smokers, 
and after stratification into subgroups of non-daily and daily smoking adolescents. 
Method
Procedure and Sampling
Between August 1992 and March 2003 the Victorian Adolescent Health Cohort study, an 
eight-wave cohort study of adolescent and young adult health in the Australian state of 
Victoria was conducted. Data collection protocols of this study were approved by The Royal 
Children’s Hospital Ethics in Human Research Committee. The cohort was defined with a 
two-stage cluster sample in which two classes were selected at random from each of 44 
schools drawn from a stratified frame of all schools (government, Catholic and independent) 
in the state (total number of students 60,905). School retention rates to year 9 in the year 
of sampling were 98%. One class from each school entered the cohort in the latter part 
of the ninth school year (wave 1), and the other class six months later, early in the tenth 
school year (wave 2). Participants were subsequently reviewed at six-month intervals during 
adolescence (waves 3 to 6) with two follow-up waves in young adulthood aged 20-21 years 
(wave7) and 24-25 years (wave 8) (Figure 1). At waves 1 to 6, participants self-administered 
the questionnaire on laptop computers (Paperny, Aono, Lehman, Hammar, & Risser, 1990) 
with telephone follow-up of those absent from school.  The seventh and eighth waves of data 
collection were undertaken with computer assisted telephone interviews. 
  
Total intended sample = 1037( w1) + 995 (w2) = 2032
96% (1943) of sample participated at least once in waves 1-6
Adolescent                                                                        Young adultphase
     survey           wave 1          wave 2          wave 3         wave 4          wave 5         wave 6          wave 7         wave 8
        year             1992             1993             1993            1994             1994             1995            1998         2001/03
mean age            14.9 yr          15.5 yr         15.9 yr         16.4 yr          16.8 yr         17.4 yr         20.7 yr          24.1 yr
 sample n               898             1727            1697             1628            1575             1530            1601            1520
 
design 2 entry points
ascertainment
Figure 1. Sampling and ascertainment in the Victorian Adolescent Health Cohort, 1992 to 2003.
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From a total sample of 2,032 students, 1943 (95.6%) participated at least once during the 
first six (adolescent) waves. In wave 8, 1520 (75% of the initial sample, 78% of adolescent 
participants) were interviewed between April 2002 and June 2003. Response rates are shown 
in Figure 1. Reasons for non-completion at wave 8 were refusal (n = 269), loss of contact (n 
= 151) and death (n = 7). The mean age (SD) at waves 1 and 8 were 14.9 (0.5) and 24.1 (0.6) 
years respectively. Most respondents were born in Australia, living in an urban region. There 
was a slight overrepresentation of females (Table 1).
Table 1. Socio-demographic characteristics in different subgroups of adolescent smokers and the total 
sample of 1943 participants in the Victorian Adolescent Health Cohort Study: Mean percentages with 
95% confidence intervals (95% CI).
Adolescent non-daily 
smokers
(N = 423)
Adolescent daily 
smokers
(N = 484)
All adolescent  
smokers
(N = 907)
Total cohort
(N = 1943)
%  (95% CI) %  (95% CI) %  (95% CI) %  (95% CI)
Gender
 Male 45.5  (40.8-50.3) 47.0  (42.5-51.5) 46.3  (43.0-49.6) 48.5  (46.3-50.8)
 Female 54.5  (49.7-59.2) 53.0  (48.5-57.5) 53.7  (50.4-57.0) 51.5  (49.2-53.7)
Parental education
 Not completed high school 31.6  (27.2-36.0) 37.2  (32.9-41.5) 34.6  (31.5-37.7) 31.8  (29.7-33.8)
 Completed high school 35.4  (30.8-39.9) 34.7  (30.4-39.0) 35.0  (31.9-38.1) 37.6  (35.4-39.7)
 Completed tertiary 33.0  (28.5-37.5) 28.1  (24.0-32.1) 30.4  (27.4-33.4) 30.7  (28.6-32.7)
Country of birth
 Australia 88.2  (85.1-91.3) 93.1  (90.9-95.4) 90.8  (88.9-92.7) 87.2  (85.7-88.7)
 Other 11.8  (8.7-14.9) 6.9  (4.6-9.1) 9.2  (7.3-11.1) 12.8  (11.3-14.3)
Rural/Urban
 Rural 28.1  (23.8-32.4) 26.8  (22.8-30.8) 27.4  (24.5-30.3) 25.7  (23.8-27.7)
 Urban 71.9  (67.7-76.2) 73.2  (69.2-77.2) 72.6  (69.7-75.5) 74.3  (72.3-76.2)
Measures
Nicotine Dependence at Wave 8 was measured using the Fagerstrom Test for Nicotine 
Dependence (FTND) (Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991). ND was defined 
as a score of 4 or more on the FTND.   
Tobacco consumption (wave 1-6) was assessed at each wave using self-reported frequency of 
use over the previous six months together with a 7-day retrospective diary.  For each wave, 
adolescents were categorised on the basis of frequency into never smokers, ex-smokers, 
non-daily smokers (adolescents smoking less than 6 days in the past week), and daily 
smokers (smoking on 6 or 7 days of the past week). Daily smokers were subcategorised 
into those who on average smoked up to 10 cigarettes or more than 10 cigarettes per day 
(cf. Patton et al., 2005; Patton et al., 2006). This categorisation (never smokers, ex-smokers, 
non-daily smokers, and daily smokers) at each wave was summarized into Maximum level 
of smoking, which represented the highest smoking category reported in the adolescent 
waves. Escalation time was defined as the number of waves between onset of any smoking 
and onset of daily smoking. Quitting time was defined as the number of consecutive waves 
of non-smoking after smoking at least one wave, with a separate category for adolescents 
who quit at wave 6 (because of unknown relapse or success after quitting at wave 6).  
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Adolescent general predictors (assessed at waves 1-6). Binary measures were constructed for 
each predictor for each wave. These binary measures were then summed to produce total 
number of waves that the activity occurred, and then categorised into 0 waves, 1-3 waves 
and greater than 3 waves. We adjusted for adolescent frequent alcohol use, cannabis use, 
peer smoking, antisocial behaviour, depression and anxiety, extreme dieting and physical 
inactivity. In addition, we adjusted for demographic factors of gender, parental education, 
rural or urban residence, and parental daily smoking. The binary measures at a particular 
wave were defined as follows:
Alcohol use was assessed using self-reported frequency of use and seven-day retrospective 
diaries for those reporting recent drinking. Those drinking on three or more days in the 
previous week were classified as frequent drinkers. 
Cannabis use was assessed using self-reported frequency of use in the previous six months. 
Those using cannabis at least weekly were classified as frequent cannabis users. 
Parental cigarette smoking was assessed throughout follow-up and those participants who 
reported that either parent smoked daily at any wave were identified.
Friends’ cigarette smoking was reported by the adolescent and dichotomised in whether or 
not most friends were smokers. 
Antisocial behaviour was assessed using items from the Self Reported Early Delinquency 
Scale covering property damage, interpersonal violence and theft (Moffitt & Silva, 1988). 
This variable was dichotomised in whether or not the adolescent reported more than one 
form of antisocial behaviour. 
Depression and anxiety were assessed from using the revised Clinical Interview Schedule 
(CIS-R) (Mann et al., 1983). The total scores on the CIS-R were dichotomized at a cut-off 
point of 12 or more to delineate a mixed depression-anxiety state at a lower threshold than 
syndromes of major depression and anxiety disorder but where clinical intervention would 
still be appropriate (Harrington, Fudge, Rutter, Pickles, & Hill, 1991; Lewis, Pelosi, Araya, 
& Dunn, 1992).
Dieting was assessed with the 10-item Adolescent Dieting Scale. Adolescents with scores of 
14 or more were defined as extreme dieters (Patton et al., 1997).
Physical inactivity was defined as self-reported engagement in sport on less than a weekly 
frequency. 
Analyses
Although the response was high and attrition low, 36% of respondents missed at least one 
wave of data collection in the adolescent phase (waves 1-6), leading to a potential bias. 
Characteristics of wave 8 non-completers were examined in a logistic regression model. Males 
were over-represented (odds ratio (OR) 1.7, 95% confidence interval 1.3-2.1) as were those 
who were smokers at study inception (OR 1.4, 95% CI 1.1-1.7). To address this selection 
bias and to handle missing data, we used the method of multiple imputation (Rubin, 1987). 
Five complete datasets were imputed under the multivariate mixed effects model (Schafer 
& Yucel, 2002) that incorporated all the variables of interest measured at all waves of data 
collection, along with the fixed covariates of gender, age, rural or urban residence and parental 
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education (available for all participants). Reported analyses use appropriate combination of 
results across the imputed datasets. Data analysis was undertaken using Stata 9. Multivariate 
logistic regression analyses were used to model associations between adolescent smoking 
characteristics and young adult ND, and related 95% confidence intervals were used to assess 
statistical significance and precision. First, the effect of adolescent smoking categories on ND 
was analysed for the whole cohort. In subsequent analyses, adolescent smoking characteristics 
were analysed in more detail with separate logistic regression analyses for each smoking 
predictor among all smokers, as well as in the subgroups of non-daily and daily smokers. 
Furthermore, we tested second-order interactions between predictors and gender. 
Results
The socio-demographic characteristics of the respondents, as well as the prevalence of adult 
ND are given in Table 1, separately for the subgroups of non-daily and daily smokers, as well 
as for all smokers and the total cohort. The prevalence of young adult ND was 8.7% in the 
total cohort, with a prevalence of 15.3% among all smokers; with prevalence rates of 6.3% 
and 23.2% respectively for adolescent non-daily and daily smokers.
Table 2 presents the association between adolescent smoking categories and young adult 
ND. The odds of an adolescent ex-smoker developing ND are not significantly different 
from those who never smoked. For adolescent smokers a dose-response effect was found: 
increasing levels of adolescent smoking increased the odds of young adult ND. 
Table 2. Associations between maximum level of adolescent smoking (wave 1-6) and nicotine 
dependence at the age of 24 years (wave 8) in 1943 participants in the Victorian Adolescent Health 
Cohort Study: prevalence rates (%) and odds ratios (OR) with 95% confidence intervals. Results from 
logistic regression models. 
Maximum level adolescent smoking (wave 1-6) n
Prevalence  
ND wave 8 (95% CI) OR  (95% CI) a
Never smokers 830 2.3 (1.2-3.3) 1.00
Ex-smokers at the start of the study 207 5.3 (1.4-9.3) 2.28 (0.86-6.05)
Non-daily smokers 423 6.3 (3.7-9.0) 2.79 (1.42-5.50)**
Daily smokers; ≤10 cigarettes a day 318 14.7 (10.1-19.4) 6.29 (3.21-12.3)***
Daily smokers; >10 cigarettes a day 167 39.4 (29.0-49.8) 22.3 (10.3-48.2)***
** p ≤ 0.01; *** p ≤ 0.001
a adjusted for gender, parental education, rural/urban, country of birth and all adolescent general predictors (alcohol use, cannabis use, 
parental daily smoking, most friends smokers, antisocial behaviour, CIS, neuroticism, dieting and inactivity).
Table 3 presents a series of multivariate analyses examining the extent to which patterns 
of adolescent smoking predict later ND at wave 8. These analyses are presented first for all 
smokers and then separately for non-daily and daily smokers in adolescence.
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Table 3. Association between specific aspects of adolescent smoking and quitting patterns (wave 1-6) 
and later nicotine dependence at the age of 24 years (wave 8) in adolescent smokers. 
All adolescent 
smokers
(n=907)
Adolescent non-
daily smokers  
(n=423)
Adolescent daily 
smokers
(n=485)
n OR  (95% CI) a n OR  (95% CI) a n OR  (95% CI) a
Maximum adolescent smoking level  
 Non-daily smokers 423 1.00 423 -
 Daily ≤10 cig. a day 318 2.28  (1.30-4.01)** - 318 1.00
 Daily >10 cig.  a day 167 8.35  (4.11-17.0)*** - 167 3.84  (2.06-7.12)***
Onset any smoking
 Wave 1-2 636 1.00 224 1.00 412 1.00
 Wave 3-6 271 0.80  (0.48-1.36) 199 1.45  (0.59-3.58) 72 0.90  (0.42-1.95)
Onset daily smoking
 No onset daily smoking 423 1.00 423 -
 Wave 1-2 267 3.86  (2.06-7.21)*** - 267 1.00
 Wave 3-6 217 2.95  (1.66-5.24)*** - 217 0.76  (0.42-1.35)
Duration any smoking
 1-2 waves 299 1.00 259 1.00 41 1.00
 3-6 waves 607 2.13  (1.21-3.76)** 164 1.54  (0.55-4.32) 444 1.10  (0.42-2.86)
Duration daily smoking
 No onset daily smoking 423 1.00 423 -
 1-2 waves 213 2.34  (1.27-4.30)** - 213 1.00
 3-6 waves 271 4.84  (2.70-8.69)*** - 271 2.13  (1.26-3.61)**
Escalation time b
 Stay non-daily smoker 423 1.00 423 -
 2-5 waves (slow) 132 2.85  (1.44-5.65)** - 132 1.00
 1 wave (medium) 143 2.73  (1.85-7.50)*** - 143 1.32  (0.55-3.14)
 0 waves (rapid) 209 3.50  (1.87-6.55)*** - 209 1.25  (0.56-2.79)
Quitting time c
 No quitting 485 1.00 117 1.00 400 1.00
 Quit 1 wave then relapse 92 0.68  (0.28-1.63) 43 0.70  (0.03-13.7) 29 0.68  (0.15-3.05)
 Quit >1 consecutive wave 233 0.30  (0.14-0.67)*** 191 0.49  (0.09-2.49) 30 0.14  (0.01-1.37)†
 Quit at last wave (6) 97 0.35  (0.11-1.12)† 71 0.73  (0.13-3.98) 26 0.34  (0.08-1.42)
† p ≤ 0.10; * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001
a each of the smoking predictors was examined separately in logistic regression models adjusted for gender, parental education, rural/
urban, country of birth, and all adolescent general predictors (alcohol use, cannabis use, parental daily smoking, most friends smokers, 
antisocial behaviour, CIS, neuroticism, dieting and inactivity).
b Escalation time: number of waves between onset any smoking and onset daily smoking  
c Quitting time: number of consecutive waves of non-smoking after smoking at least at one wave
Except for onset of any smoking all adolescent smoking characteristics were significantly 
related to young adult ND among the group of all adolescent smokers. Maximum adolescent 
smoking level predicted young adult ND within all smokers with a clear dose response 
relationship evident. Smokers with any onset of daily smoking were more likely to develop 
ND than adolescents with no onset of daily smoking, and the risk tended to be higher 
among those who started by wave one or two (OR = 3.86, versus OR= 2.95 among those 
with later onset of daily smoking). Both a longer duration of any smoking and more clearly 
as longer duration of daily smoking were associated with later ND. Adolescents with slow, 
medium or rapid escalation time to daily smoking had higher odds of developing ND than 
those staying non-daily smokers, and the risk tended to be higher among those with rapid 
escalation (OR = 3.50). Those with quitting time more than 1 wave (i.e., 12 months or more) 
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during adolescence had a reduced risk of ND (OR = 0.30) compared to adolescents who 
did not quit.
In the subgroup of adolescent non-daily smokers, however, none of the smoking 
characteristics were predictive of young adult ND. For daily smokers during adolescence, 
higher smoking levels during adolescence and a longer duration of daily smoking were 
associated with higher odds of later ND. Furthermore, a marginally significant effect of 
quitting time more than 1 wave (i.e., 12 months or more) during adolescence was found (OR 
= 0.14 compared to those who did not quit). Although the onset of daily smoking, duration 
of any smoking and escalation time were associated with later ND within all smokers, 
these characteristics were not predictive of ND within the subgroup of adolescent daily 
smokers.  We found no significant second-order interactions between adolescent smoking 
characteristics and gender in any of the subgroups.
Table 4 addresses the question of the extent to which smokers who quit during adolescence 
are at higher risk of ND compared to those who never started smoking or were already 
ex-smokers at the start of the study. No significant differences were found between the 
adolescents who quit after non-daily smoking and the adolescents who never smoked, 
regardless of how long they have quit. Adolescents who quit one wave after daily smoking 
and relapsed were still at higher risk of ND (OR = 6.88). Interestingly, adolescents who 
quit after daily smoking for more than one consecutive wave (≥1 year) were no longer at 
increased risk for ND (OR = 1.53, not significant). 
Table 4. Risk of nicotine dependence at the age of 24 years (wave 8) in 1943 participants in the Victorian 
Adolescent Health Cohort Study classified by smoking and quitting status during adolescence. 
Total cohort (n=1943)
Highest teen smoking level n OR  (95% CI) a
Never smokers 830 1.00
Ex-smokers 207 2.16 (0.82-5.67)
Non-daily smokers
 No Quitting 117 3.59 (0.99-13.0)†
 Quit for 1 wave then relapse 43 2.10 (0.23-19.4) 
 Quit >1 consecutive wave 191 1.94 (0.71-5.30)
 Quit only on last wave (w6) 71 2.60 (0.71-9.49)
Daily smokers
 No Quitting 400 10.3 (5.43-19.5)***
 Quit 1 wave then relapse 29 6.88 (1.49-31.7)*
 Quit >1 consecutive wave 30 1.53 (0.15-15.2)
 Quit at last wave (w6) 26 3.61 (0.80-16.2)†
† p ≤ 0.10; * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001
a  Odds ratios derived from a single multivariate logistic model adjusted for gender, parental education, rural/urban and Australian born 
and adolescent general predictors (alcohol use, cannabis use, parental daily smoking, most friends smokers, antisocial behaviour, CIS, 
neuroticism, dieting and inactivity).
Further analyses were conducted to test whether two waves of quitting is enough to 
diminish the risks for later ND. We omitted respondents who had quit three or more waves, 
and reran the analyses with only those who had quit for exactly two waves. Again, daily 
smokers who quit for 2 waves (one year) do not have significantly higher risk of ND than 
never smokers (OR = 1.64, not significant). 
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Discussion
Around 15% of all adolescent smokers and 23% of adolescent daily smokers were nicotine 
dependent in young adulthood. Adolescent maximum smoking levels, onset of daily 
smoking, duration of smoking, escalation time and quitting time were all associated with 
later ND among the adolescent smokers.
In line with previous studies (e.g., Dierker et al., 2007) this study showed that higher 
smoking frequency was related to young adult ND. This positive association between level 
of adolescent use and later dependence had also been shown for marijuana (Chen, Kandel, 
& Davies, 1997) and cocaine (Chen & Kandel, 2002). However, only 40% of the frequent 
smokers during adolescence (>10 cigarettes a day) became dependent in young adulthood, 
suggesting other influences, such as interpersonal differences in nicotine sensitivity and 
metabolism were important (Karp, O’Loughlin, Hanley, Tyndale, & Paradis, 2006). 
Results of this study replicates earlier studies showing that early onset of smoking was 
related to adult ND (Schumann et al., 2004; Xian et al., 2007). However, the relation between 
onset of daily smoking and later ND was only a trend among adolescent daily smokers, 
indicating that the results were to a large degree caused by whether or not adolescents 
became daily smokers. If they started daily smoking, timing of onset of daily smoking does 
not significantly predict later ND
A longer duration of any smoking predicted a higher likelihood of adult ND. However, this 
was not significant within the subgroups of non-daily or daily smokers. These results might 
be explained by the transition to daily smoking. The longer the duration of any smoking, the 
higher the probability of the transition to daily smoking, which in turn predicts later ND. The 
importance of the transition to daily smoking is further emphasised with the finding that a 
longer duration of daily smoking predicted a greater likelihood of ND in young adulthood. 
Earlier studies showed effects of escalation trajectories of smoking on nicotine dependence 
(Karp et al., 2005). Similar to these studies, we found that slow, medium and rapid escalators 
differ from those who stay non-daily smokers, but no significant differences were found 
within the daily smokers for escalation time. Again, the most important factor seems to be 
whether or not daily smoking starts during adolescence. 
Probably the most striking finding relates to the protective effects of smoking cessation 
during adolescence. Quitting for more then one consecutive wave decreased the risks for 
ND, both in all smokers and in daily smokers. About half of the adolescent daily smokers 
who reported quitting at a certain wave did relapse before the next wave showing that 
adolescents change smoking status regularly during their teenage years (Van Zundert, Van 
De Ven, Engels, Otten, & Van Den Eijnden, 2007). For daily smokers, quitting for one year 
(two waves) was sufficient to reduce the risk of ND to a level similar to never smokers. This 
finding may provide a framework for tobacco control efforts aimed at adolescents as well as 
for clinical interventions.
Strengths of this study are a close to representative sample, frequent measures during 
adolescence and high participation rates. The use of multiple imputation minimised 
measurement and selection biases due to missing data. However, it remains possible 
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that associations between adolescent smoking characteristics and adult ND among non-
responders may not be fully captured by the imputations, leading to some bias in final 
estimations. 
Our findings suggest the value of studying predictors of adult smoking behaviour, ND 
and hardcore smoking in subgroups of adolescent smokers. The present study suggests that 
different processes may be at work in daily smoking and non-daily smoking adolescents, 
and that different interventions may be necessary for non-daily and daily smokers during 
adolescence. The prevalence of young adult ND is 6% for adolescent non-daily smokers, 
and 23% for adolescent daily smokers. For non-daily adolescent smokers, none of the 
measured characteristics were predictive of ND. Whether non-daily smokers become 
daily smoking seems the most important factor predicting later ND. For non-daily smokers, 
tobacco control interventions should focus on prevention of transition to daily smoking. 
Adolescents are sensitive to tobacco price, and combining increased cigarette taxes with 
media campaigns may be a promising way of reducing transition to daily smoking among 
adolescents (Fishman et al., 2005). 
For daily smoking adolescents, cessation for a year should be the goal of tobacco control 
and quit attempts. Most cessation programs are short-term, and many adolescents relapse 
after the program. Novel strategies such as cessation programs offering personalised and 
regular text messaging have recently shown high quit rates at follow-up (Rodgers et al., 
2005). Such an affordable, age appropriate and personalised way of helping adolescents 
quit smoking could easily be applied in sustained interventions which will offer better scope 
for longer term quitting.  
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Abstract
Several cross-sectional studies showed higher smoking rates among adolescents with 
asthma, but hardly any study investigated this relation longitudinally. This study aims to 
examine whether these cross-sectional results are caused by higher smoking onset among 
adolescents with asthma, or by the development of asthma after smoking onset. 
A longitudinal study (22 months) among 7,426 Dutch adolescents (mean age at 
baseline = 12.9 yrs) was conducted. Asthma was assessed with self-report questionnaires 
of the International Study of Asthma and Allergies in Childhood (ISAAC) and the student 
questionnaire of the American College of Allergy, Asthma and Immunology. Adolescents’ 
smoking and parental smoking were also assessed by adolescent-report. All analyses were 
controlled for age, gender, education, ethnicity and parental smoking. 
In baseline non-smokers, adolescents with current diagnosed asthma and with more severe 
asthma had an increased risk to become regular smokers. Among girls and adolescents 
with a smoking mother, having asthma symptoms was a risk factor for starting experimental 
smoking. In contrast, among boys and adolescents with a non-smoking mother, having 
asthma symptoms was protective for experimental smoking. With regard to the effect of 
smoking on asthma, adolescent smoking predicted a higher incidence of asthma symptoms. 
In addition, smoking predicted increased symptom severity scores, and this effect was 
stronger in girls. Adolescent smoking was a stronger predictor for the development of asthma 
symptoms when mother smoked. 
The relationship between asthma and smoking in adolescence seems to be bidirectional, 
with relations in both directions being stronger in females and when mother smokes.
Introduction
Several cross-sectional studies have investigated the prevalence of smoking among 
adolescents with asthma. Although some studies reported no difference in smoking between 
asthmatic and non-asthmatic adolescents (Forero, Bauman, Young, & Larkin, 1992), other 
studies showed that smoking is more prevalent among adolescents with asthma (Forero, 
Bauman, Young, Booth, & Nutbeam, 1996; Precht, Keiding, & Madsen, 2003; Zbikowski, 
Klesges, Robinson, & Alfano, 2002): asthmatic adolescents were 1.15 (Precht et al., 2003) to 
2.55 (Forero et al., 1996) more likely to be daily smokers than non-asthmatic adolescents. 
Although these results might be interpreted as asthma being a risk factor for smoking onset, 
due to the cross-sectional design of these studies they do not allow for conclusions on the 
directionality of the relationship. Cohort studies are needed to disentangle whether active 
smoking predicts a higher asthma incidence and / or whether having asthma predicts a 
higher smoking onset.
Surprisingly, there are hardly any cohort studies investigating differences in smoking onset 
between asthmatic and non-asthmatic adolescents. A study that retrospectively asked for 
age of smoking initiation and age of asthma onset concluded that asthma onset preceded 
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smoking in 90% of the cases (Oechsli, Seltzer, & Van Den Berg, 1987), implying that 
smoking onset is higher among asthmatics. However, the only prospective study on the 
effect of asthma on smoking demonstrated equal smoking transitions between asthmatic and 
non-asthmatic adolescents (Tercyak, 2006). Unfortunately, this study did not differentiate 
between smoking onset and smoking continuation. 
Parental smoking can modify the relation between smoking predictors and active smoking 
among the general population of adolescents. For instance, non-using parents have a 
buffering effect on the influence of friends’ substance use in adolescence (Li, Pentz, & Chou, 
2002). Likewise, several studies found gender differences in the effect of smoking predictors 
on smoking onset in adolescents (Van Den Bree, Whitmer, & Pickworth, 2004). Among 
asthmatic adolescents, it has not been studied yet whether parental smoking and gender can 
also moderate the effect of asthma on smoking onset.  
With regard to the role of active smoking in the development of asthma, cohort studies 
have provided contradictory results (Ronmark et al., 1997; Vesterinen, Kaprio, & Koskenvuo, 
1988). Few of these studies focused on adolescents (Genuneit et al., 2006; Gilliland et al., 
2006; Larsson, 1995; Ulrik, Backer, Hesse, & Dirksen, 1996), and these studies provide 
conflicting evidence as well. Furthermore, very little is known about whether the effects 
of active smoking are different for female or male adolescents. Gender differences in the 
development of asthma during adolescence have been frequently reported (Becklake 
& Kauffmann, 1999), with increased risk of asthma in girls. In males, sex steroids could 
be protective for the development of asthma, whereas in females, the sex steroids are 
proinflammatory, increasing the risk of atopic disorders (Osman, 2003). Because of these 
gender differences in the susceptibility to development of asthma, we want to examine 
whether smoking predicts asthma development differentially in boys and girls. 
Moreover, there is still conflicting evidence about the role of parental smoking on asthma 
development among adolescents (Strachan & Cook, 1998), and to our knowledge, only one 
study has investigated whether parental smoking modulates the effect of smoking on asthma 
development in adolescents (Gilliland et al., 2006), i.e. whether an adolescent who actively 
smokes develops asthma depends on whether or not parents smoke. 
Summarized, results of cohort studies are inconclusive about the temporal relation 
between asthma and smoking among adolescents. To test the direction of the relation 
between asthma and smoking we conducted a large population-based cohort study among 
7,426 Dutch adolescents to address the following questions: (a) is the incidence of asthma 
and symptoms of asthma higher among active smokers, and (b) do non-smoking asthmatic 
adolescents differ from non-smoking non-asthmatic adolescents with regard to the uptake 
of smoking? Furthermore, the main effects of gender and parental smoking on smoking and 
asthma development, as well as moderating effects of gender and parental smoking on the 
relation between asthma and smoking onset and the relation between smoking and asthma 
development were investigated as well. Since mothers in the Netherlands are more often 
the primary caretakers than fathers, and spend more time with their adolescent children, we 
have analyzed the smoking behavior of fathers and mothers separately.
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Methods
Sampling and data collection
The present longitudinal study was approved by the medical ethics committee (CMO 
Arnhem-Nijmegen). Data collection of the first wave took place in January 2003 as part 
of the International Study of Asthma and Allergies in Childhood (ISAAC) phase III (Asher et 
al., 1995). All first-year and second-year students of 33 secondary schools in four regions of 
the Netherlands were asked to fill out a written questionnaire during school hours, under 
supervision of a teacher. Teachers received instructions about the procedure and how to 
handle questions. They were asked to remind the students of the confidentiality and to 
note which students were absent and way. CD gift vouchers were raffled among students 
who filled out the questionnaires sincerely. Of the 11.124 students on the participating 
schools, 10.087 filled out the questionnaire completely and consistently. Non-response 
was primarily due to absence on the measurement day. Only 15 students refused to fill 
out the questionnaire; 67 students had left school between contacting the schools and 
data collection. A more detailed description of the baseline data collection can be found 
elsewhere (Van De Ven, Van Den Eijnden, & Engels, 2006a). The follow-up questionnaire 
was administered in November 2004, with a similar procedure.
Measures
Asthma: Wheeze. Lifetime wheeze (“have you ever had wheezing or whistling in the chest 
at any time in the past?” yes/no) and current wheeze (“have you had wheezing or whistling 
in the chest in the past 12 months?” yes/no) were assessed with the validated ISAAC written 
self-report questionnaire for 13-14 year olds (Asher et al., 1995), translated into Dutch 
(Wieringa, Weyler, Van Bever, Nelen, & Vermeire, 1999).
Asthma: Indication of Asthma (IoA). Respondents filled out a Dutch translation of the student 
questionnaire of the American College of Allergy, Asthma and Immunology (ACAAI) (Redline 
et al., 2004). Respondents were asked to indicate on a 3-point scale (never, sometimes, a 
lot) how often they suffered from seven symptoms (e.g., “I wake up at night because I have 
trouble breathing”). For each symptom, the responses “sometimes” and “a lot” were recoded 
as “1”, the response “never” was recoded as “0”, and scores were added. A score of three or 
more was an indication of asthma (Redline et al., 2004).
Asthma: Symptom severity. Severity of asthma symptoms was also assessed with the ACAAI 
student questionnaire (Redline et al., 2004). Responses on the seven items with a 3-point 
scale (never, sometimes, a lot) were averaged to form a symptom severity score (Cronbach’s 
alpha (α) = .72).
Asthma: Current diagnosed asthma. Those with current diagnosed asthma fulfilled two criteria: 
1) a positive response on either “did you have asthma in the past 12 months?” or “did you 
use asthma medication in the past 12 months?” and 2) a positive response to “did a doctor 
confirm you have asthma?” (Wieringa et al., 1999).
Smoking: Parental smoking. Parental smoking was assessed by asking the adolescents to report 
on their parents’ smoking behavior: “Does your father/mother smoke (yes/no)”. 
6
____  Chapter 6  ______________________________________________________________________________
Smoking: Active smoking. Adolescents’ smoking behavior was assessed by a single item on 
a 9-point scale ranging from (1) I never smoked, not even a puff to (9) I smoke at least once 
a day (Kremers, Mudde, & De Vries, 2001). This variable was recoded in three categories: 
Those who responded “I never smoked, not even a puff” were defined as never smokers. 
Those who responded in the categories 2–7 (“I tried smoking but I don’t smoke anymore” to 
“I smoke at least once a months”) were defined as experimental smokers. The adolescents 
who reported they smoked “at least once a week” or “at least once a day” were defined as 
regular smoking. This instrument has been used in various health studies in the Netherlands 
(Engels, Vitaro, Blokland, De Kemp, & Scholte, 2004; Kremers et al., 2001; Otten, Engels, & 
Van Den Eijnden, 2005). 
Demographic information. Age, gender, education level (lower vocational training, 
intermediate vocational training, and high school/pre-university education) and ethnicity 
(Dutch or non-Dutch) were assessed at baseline and were included in all analyses as 
potential confounders. 
Strategy of analyses
Data were analyzed using the statistical package for the social sciences (SPSS) for Windows, 
version 14.0. Four sets of analyses were conducted, all controlled for age, education level 
and ethnicity. In the first step of the analyses, we employed multinomial logistic regression 
analyses to predict smoking at follow-up among never-smoking adolescents at baseline 
(N=4,762). Multinomial logistic regression analysis is an extension of binary logistic 
regression, allowing for dependent variables with more than two categories. Using this 
technique, odds ratios (OR) are calculated to simultaneously estimate the odds of being 
in one of the dependent variable groups compared to being in the reference group. Four 
multinomial logistic regression analyses were conducted to predict smoking onset by current 
wheeze, by IoA, by severity, and by current diagnosed asthma; all measured at baseline. 
Each of the regression analyses consisted of three models: model 1 included age, education 
level, and ethnicity, as well as gender and parental smoking behavior at baseline. In model 
2, one of the asthma variables (wheeze, IoA, severity or diagnosed asthma) was added 
in addition to the variables of model 1. Model 3 consisted of the three interaction terms, 
namely between the asthma variable on the one hand and gender, smoking mother and 
smoking father on the other, as well as the main effects variables of model 1 and 2.
Second, three hierarchical binary logistic regression analyses were conducted to predict 
current wheeze at follow-up among adolescent who reported no lifetime wheeze at baseline 
(N=5,686); to predict IoA at follow-up among adolescents without IoA at baseline (N=5,000); 
and to predict current diagnosis of asthma at follow-up among adolescents without current 
diagnosis of asthma at baseline (N=6,723). Besides age, education level, and ethnicity, 
gender and smoking behavior of parents at baseline were entered at step 1, and adolescents’ 
smoking behavior at baseline was added to the model at step 2. The final step consisted of 
all main effect and the three interaction terms, namely between adolescent smoking on the 
one hand and gender, smoking mother and smoking father on the other.
Finally, univariate analyses of variance (ANOVAs) were conducted to predict symptom 
severity at follow-up, controlled for baseline severity. In the first model, the effects of age, 
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education level, ethnicity, gender and smoking behavior of parents at baseline was included. 
In the second model, adolescents’ smoking behavior at baseline was added to the model, 
and in the last step we added the interaction terms. 
Results
Characteristics of the study population
Of the 10,087 student who participated in the first wave, 7,426 students (73.6%) filled out both 
questionnaires consistently and completely, and these students were included in the present 
study. Table 1 describes the characteristics of the participants at baseline and follow-up. 
Table 1. Characteristics of the study population at baseline and follow-up (N=7,426).
Baseline Follow-up
Age 12.9  (0.78) a 14.8  (0.84) a
Gender
 Female 3822  (51.6) b
 Male 3585  (48.4) b
Lifetime wheeze 
 No 5686  (77.8) b 5992  (81.5) b
 Yes 1623  (22.2) b 1362  (18.5) b
Current wheeze
 No 6437  (88.2) b 6640  (90.5) b
 Yes 862  (11.8) b 695  (9.5) b
IoA 
 No 5000  (70.1) b 5327  (73.5) b
 Yes 2128  (29.9) b 1916  (26.5) b
Symptom severity 1.30  (0.28) a 1.26  (0.28) a
Current diagnosed asthma
 No 6723  (92.9) b 6833  (94.3) b
 Yes 513  (7.1) b 415  (5.7) b
Smoking mother
 No 5103  (70.6) b 5342  (72.7) b
 Yes 2126  (29.4) b 2006  (27.3) b
Smoking father
 No 4685  (64.9) b 4904  (67.2) b
 Yes 2535  (35.1) b 2390  (32.8) b
Smoking adolescent
 Never 4762  (65.7) b 3587  (49.0) b
 Experimenting 2085  (28.8) b 2691  (36.8) b
 Regular 399  (5.5) b 1035  (14.2) b
IoA =  Indication of Asthma
a values represent mean (SD)
b values represent n (%)
Predicting adolescent smoking behavior by asthma
Of the baseline non-smoking adolescents, 1,189 (25.0%) were experimental smokers and 
208 (4.4%) regular smokers at follow-up. Smoking at follow-up was predicted by maternal 
smoking (Table 2). Higher age predicted more regular smoking, and a lower education 
level was associated with more frequent smoking at follow-up; no differences were found 
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for ethnicity. When mother smoked, adolescents were more likely to become experimental 
smokers or regular smokers instead of staying non-smokers, and more likely to be regular 
smokers than experimental smokers. Adolescent smoking onset was not predicted by 
paternal smoking or gender.
Table 2. Prediction of never, experimental and regular smoking at follow-up among non-smokers at 
baseline (N=4,762) by indicators of asthma at baseline: current wheeze, indication of asthma, severity, 
and current diagnosed asthma. Results of multinomial logistic regression analyses. 
Experimenting 
versus never
Regular versus  
never
Regular versus 
experimenting
OR  (95% CI) OR  (95% CI) OR  (95% CI)
Current wheeze 
Model 1 Gender a 1.03 (0.90-1.18) 1.08 (0.80-1.45) 1.05 (0.76-1.54)
Smoking mother b 1.33 (1.12-1.57) 1.99 (1.42-2.78) 1.50 (1.05-2.13)
Smoking father c 1.15 (0.98-1.35) 1.20 (0.86-1.68) 1.05 (0.74-1.48)
Model 2 Current wheeze d 0.83 (0.66-1.05) 0.94 (0.57-1.53) 1.13 (0.67-1.89)
Model 3 Current wheeze*Gender 1.34 (0.83-2.15) 2.87 (1.00-8.25) 2.15 (0.72-6.46)
Current wheeze*Smoking mother 1.90 (1.10-3.29) 1.87 (0.63-5.54) 0.99 (0.32-3.04)
Current wheeze*Smoking father 0.66 (0.38-1.14) 0.29 (0.08-1.04) 0.45 (0.12-1.65)
IoA
Model 1 Gender a 1.03 (0.90-1.18) 1.08 (0.80-1.45) 1.05 (0.76-1.54)
Smoking mother b 1.33 (1.12-1.57) 1.99 (1.42-2.78) 1.50 (1.05-2.13)
Smoking father c 1.15 (0.98-1.35) 1.20 (0.86-1.68) 1.05 (0.74-1.48)
Model 2 IoA e 1.06 (0.90-1.24) 1.18 (0.84-1.65) 1.11 (0.78-1.58)
Model 3 IoA*Gender 0.72 (0.52-1.00) 1.01 (0.51-1.99) 1.40 (0.69-2.84)
IoA*Smoking mother 1.70 (1.16-2.48) 1.56 (0.74-3.28) 0.92 (0.43-1.99)
IoA*Smoking father 0.71 (0.49-1.02) 0.66 (0.31-1.40) 0.94 (0.43-2.04)
Symptom severity
Model 1 Gender a 1.03 (0.90-1.18) 1.08 (0.80-1.45) 1.05 (0.76-1.54)
Smoking mother b 1.33 (1.12-1.57) 1.99 (1.42-2.78) 1.50 (1.05-2.13)
Smoking father c 1.15 (0.98-1.35) 1.20 (0.86-1.68) 1.05 (0.74-1.48)
Model 2 Severity 1.07 (0.83-1.39) 1.74 (1.05-2.88) 1.62 (0.95-2.76)
Model 3 Severity*Gender 0.57 (0.33-0.96) 1.05 (0.38-2.90) 1.86 (0.64-5.37)
Severity*Smoking mother 2.34 (1.26-4.34) 2.32 (0.76-7.09) 0.99 (0.31-3.16)
Severity*Smoking father 0.61 (0.34-1.10) 0.32 (0.10-1.01) 0.53 (0.16-1.73)
Current diagnosed asthma
Model 1 Gender a 1.03 (0.90-1.18) 1.08 (0.80-1.45) 1.05 (0.76-1.54)
Smoking mother b 1.33 (1.12-1.57) 1.99 (1.42-2.78) 1.50 (1.05-2.13)
Smoking father c 1.15 (0.98-1.35) 1.20 (0.86-1.68) 1.05 (0.74-1.48)
Model 2 Asthma f 0.69 (0.51-0.93) 1.32 (0.79-2.21) 1.91 (1.10-3.34)
Model 3 Asthma*Gender 1.12 (0.61-2.04) 1.65 (0.55-4.97) 1.48 (0.46-4.80)
Asthma*Smoking mother 1.24 (0.61-2.51) 3.89 (1.25-12.07) 3.15 (0.93-10.70)
Asthma*Smoking father 0.63 (0.32-1.23) 0.38 (0.12-1.23) 0.60 (0.17-2.14)
CI = Confidence Interval; IoA = Indication of Asthma; OR = Odds Ratio
All regression models were statistically significant (p < .001) 
All analyses were corrected for age, education level, and ethnicity. 
a Reference category is females. d Reference category is no current wheeze at baseline.
b Reference category is non-smoking mothers at baseline. e Reference category is no indication of asthma at baseline. 
c Reference category is non-smoking fathers at baseline. f Reference category is no current diagnosed asthma at baseline.
Smoking was also predicted by asthma and symptoms of asthma, though only for symptom 
severity and current diagnosed asthma (Table 2). When symptom severity was higher, 
adolescents were more likely to become regular smokers instead of staying non-smokers (OR 
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= 1.74). Adolescents who reported current diagnosed asthma were less likely to experiment 
with smoking than adolescents without current diagnosed asthma (OR = 0.69). However, 
if the adolescents with asthma started smoking between baseline and follow-up, they were 
more often regular smokers than experimenters (OR = 1.91).
The effects of asthma on experimenting versus never-smoking were different for girls and 
boys, as shown by the significant interaction between severity and gender, and between IoA 
and gender. Additional separate analyses (Table 3) for boys and girls shows that more severe 
asthma has a protective effect on starting to experiment with smoking among boys, but is a risk 
factor for experimenting among girls. Similar results are found for IoA: baseline IoA reduces 
the likelihood of experimenting among boys, but increases the likelihood among girls. 
Table 3. Results of separate analyses for the significant interaction effects.
Interaction Subgroups Predictor OR (95% CI)
Prediction of experimental versus never-
smoking by symptom severity*gender
Boys Symptom severity 0.78 (0.52-1.16)
Girls Symptom severity 1.36 (0.97-1.51)
Prediction of experimental versus never-
smoking by IoA*gender
Boys IoA a 0.88 (0.68-1.13)
Girls IoA a 1.20 (0.97-1.47)
Prediction of experimental versus never-
smoking by current wheeze*smoking mother
Non-smoking mothers Current wheeze b 0.72 (0.54-0.95)
Smoking-mothers Current wheeze b 1.16 (0.76-1.78)
Prediction of experimental versus never-
smoking by IoA*smoking mother
Non-smoking mothers IoA a 0.96 (0.79-1.15)
Smoking mothers IoA a 1.37 (1.01-1.85)
Prediction of experimental versus never-
smoking by symptom severity*smoking mother
Non-smoking mothers Symptom severity 0.90 (0.67-1.23)
Smoking mothers Symptom severity 1.66 (1.01-2.73)
Prediction of regular versus never-smoking by 
current asthma diagnosis*smoking mother
Non-smoking mothers Current diagnosis c 0.80 (0.37-1.77)
Smoking mothers Current diagnosis c 2.27 (1.10-4.68)
Prediction of onset current wheeze by 
adolescent smoking*smoking mother
Non-smoking mothers Experimental smoking d 1.11 (0.73-1.69)
Regular smoking d 1.40 (0.54-3.61)
Smoking mothers Experimental smoking d 2.34 (1.39-3.93)
Regular smoking d 5.15 (2.57-10.30)
Prediction of onset IoA by adolescent 
smoking*smoking mother
Non-smoking mothers Experimental smoking d 1.27 (1.00-1.60)
Regular smoking d 3.16 (1.98-5.06)
Smoking mothers Experimental smoking d 1.83 (1.32-2.52)
Regular smoking d 3.57 (2.18-5.85)
CI = Confidence Interval; IoA = Indication of Asthma; OR = Odds Ratio
All analyses were corrected for age, education level, and ethnicity. 
a Reference category is no Indication of Asthma at baseline.  c Reference category is no current diagnosed asthma at baseline. 
 b Reference category is no current wheeze at baseline. d Reference category is never smoking at baseline.
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Besides a main effect, maternal smoking also moderated the association between asthma 
and adolescent smoking onset. For all four asthma measures, significant interactions with 
maternal smoking showed that the strength of the effect of asthma on smoking depended 
on whether or not mother was a smoker. Additional analyses (Table 3) showed that when 
mother was a non-smoker, having asthma or symptoms of asthma was a protective factor, 
whereas having asthma or symptoms of asthma a risk factor for smoking onset when mother 
was a smoker. 
Predicting the development of (symptoms of) asthma
All measures of asthma were moderately to strongly related (Pearson’s correlations between 
0.31 and 0.81; all p-values < 0.001) at baseline and follow-up. Incidence of current wheeze, 
IoA, and current diagnosis of asthma was 4.1% (n = 233), 15.2% (n = 762) and 1.2% (n 
= 82), respectively. Tables 4 and 5 describe the results for the prediction of the incidence 
of asthma and symptoms of asthma. Except for increased severity scores with increasing 
age, no significant differences were found for the effect of the confounding variables of 
age, ethnicity and education level on severity, IoA, current wheeze and current diagnosis 
of asthma. Male adolescents were less likely to have developed current wheeze and IoA 
between the waves, and had lower symptom severity scores at follow-up. While paternal 
smoking only predicted higher symptom severity at follow-up, maternal smoking predicted 
not only higher symptom severity but also a higher incidence of current wheeze and IoA. 
Table 4. Prediction of current wheeze, indication of asthma and current diagnosed asthma by parental 
and adolescent smoking at baseline. Results of binary logistic regression analyses. 
Current wheeze† IoA†† Current diagnosis of asthma†††
OR (95% CI) OR (95% CI) OR (95% CI)
Block 1 Gender a 0.47 (0.35-0.63) 0.43 (0.36-0.51) 0.67 (0.41-1.08)
Smoking mother b 1.73 (1.26-2.37) 1.29 (1.06-1.56) 0.90 (0.51-1.57)
Smoking father c 0.99 (0.72-1.35) 1.18 (0.98-1.41) 1.13 (0.67-1.91)
Block 2 Experimental smoking at baseline d 1.46 (1.07-2.00) 1.43 (1.19-1.73) 0.96 (0.55-1.66)
Regular smoking at baseline d 2.86 (1.72-4.75) 3.19 (2.28-4.46) 2.08 (0.88-4.90)
Block 3 Smoking adolescent*Gender
Male, adolescent experimental smoking e 1.69 (0.89-3.22) 0.74 (0.51-1.07) 0.46 (0.14-1.52)
Male, adolescent regular smoking e 1.15 (0.41-3.27) 0.96 (0.51-1.83) 2.26 (0.44-11.69)
Smoking adolescent*Smoking mother
Smoking mother, adolescent experimental 
smoking f
2.55 (1.26-5.14) 1.62 (1.06-2.48) 1.74 (0.51-5.96)
Smoking mother, adolescent regular smoking f 2.98 (0.93-9.56) 1.22 (0.62-2.41) 0.62 (0.10-4.02)
Smoking adolescent* Smoking father
Smoking father, adolescent experimental 
smoking g
0.58 (0.29-1.14) 0.73 (0.49-1.09) 0.47 (0.14-1.52)
Smoking father, adolescent regular smoking g 2.32 (0.74-7.33) 0.77 (0.39-1.51) 0.23 (0.04-11.69)
CI = Confidence Interval; IoA =  Indication of Asthma; OR = Odds Ratio
All analyses were corrected for age, education level, and ethnicity. 
† Prediction of current wheeze at follow-up among adolescent with never wheeze at baseline (N=5,686) 
†† Prediction of IoA at follow-up among adolescents without IoA at baseline (N=5,000)
††† Prediction of  current diagnosis of asthma at follow-up among adolescents without current diagnosis of asthma at baseline (N=6,723)
a Reference category is females. e Reference category is female never smoking adolescent
b Reference category is non-smoking mothers at baseline. f Reference category is non-smoking mother, never smoking adolescent
c Reference category is non-smoking fathers at baseline. g Reference category is non-smoking father, never smoking adolescent
d Reference category is never smoking at baseline.
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Adolescent smoking at baseline predicted a higher incidence of current wheeze (OR = 
1.46 for experimental versus never smoking; OR = 2.86 for regular smoking versus never 
smoking) and IoA (OR = 1.43 for experimental versus never smoking; OR = 3.19 for regular 
smoking versus never smoking) and increased symptom severity at follow-up (mean = 1.26, 
1.29, and 1.33; respectively for never, experimental, and regular smokers). No significant 
effects of baseline smoking on the incidence of current diagnosis of asthma were found. 
A significant interaction between adolescent smoking and gender was found for symptom 
severity. As indicated by the mean scores in Table 5, the increase in severity scores due to 
adolescent smoking was twice as high among females (increase of 0.10 between never 
and regular smoking) compared with males (increase of 0.05 between never and regular 
smoking). 
Table 5. Prediction of symptom severity at follow-up, by parental and adolescent smoking at baseline 
(N=7,426). Results of ANOVA’s. 
Mean (S.E.)  F p
Model 1 Gender  219.54 0.000
 Female 1.32 (0.005)
 Male 1.23 (0.005)
Smoking behavior mother at baseline  6.33 0.012
 Non-smoking mother 1.26 (0.004)
 Smoking mother 1.28 (0.006)
Smoking behavior father at baseline  8.61 0.003
 Non-smoking father 1.26 (0.005)
 Smoking father 1.28 (0.005)
Model 2 Smoking behavior adolescent at baseline  25.18 0.000
 Never smoker 1.26 (0.005)
 Experimental smoker 1.29 (0.006)
 Regular smoker 1.33 (0.013)
Model 3 Smoking adolescent*Gender  5.09 0.006
 Never smoker & Male 1.22 (0.006)
 Experimental smoker & Male 1.24 (0.008)
 Regular smoker & Male 1.27 (0.019)
 Never smoker & Female 1.29 (0.006)
 Experimental smoker & Female 1.35 (0.008)
 Regular smoker & Female 1.39 (0.017)
Smoking adolescent*Smoking mother  4.11 0.016
 Never smoker & Non-smoking mother 1.25 (0.006)
 Experimental smoker & Non-smoking mother 1.28 (0.007)
 Regular smoker & Non-smoking mother 1.32 (0.018)
 Never smoker & Smoking mother 1.25 (0.008)
 Experimental smoker & Smoking mother 1.31 (0.009)
 Regular smoker & Smoking mother 1.34 (0.018)
Smoking adolescent* Smoking father  0.64 0.527
 Never smoker & Non-smoking father 1.25 (0.006)
 Experimental smoker & Non-smoking father 1.29 (0.008)
 Regular smoker & Non-smoking father 1.31 (0.019)
 Never smoker & Smoking father 1.26 (0.007)
 Experimental smoker & Smoking father 1.31 (0.009)
 Regular smoker & Smoking father 1.35 (0.017)
All analyses were corrected for baseline severity, age, education level, and ethnicity.
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Further, significant interactions between adolescent smoking at baseline and maternal 
smoking were found for the incidence of current wheeze and IoA and for the development 
of symptom severity. The results of severity in Table 5 and the results of the separate analyses 
(Table 3) for current wheeze and IoA show that the effect of adolescents smoking on asthma 
and symptoms of asthma depended on whether or not mother smoked. Adolescent smoking 
was a stronger predictor of the incidence of current wheeze and IoA when mother was 
a smoker. Likewise, when adolescent smoking level increased, the increase in symptom 
severity scores was higher when mother was a smoker. 
Discussion
The purpose of this longitudinal study was to investigate whether smoking is predictive of 
asthma development or whether asthma predicts smoking onset among adolescents. The 
results of this study suggest bidirectionality: on the one hand, having (symptoms of) asthma 
predicted smoking onset, and on the other hand, baseline smoking was found to increase 
the risk of developing asthma and symptoms of asthma. Gender and maternal smoking 
moderated these effects. 
The results provide support for the predictive value of asthma on the development of 
smoking behavior. Although adolescents with current diagnosed asthma were less likely 
to start experimenting with smoking, if they started smoking during the course of the 
study, they were more often regular smokers than experimenters, indicating an accelerated 
development in smoking behavior among adolescents with asthma. So even though the 
diagnosis of asthma seems to make adolescents reluctant to start smoking, once they 
have tried it, they seem to move faster into more persistent and regular smoking habits. A 
similar result was found for symptom severity: adolescents experiencing more symptoms 
at baseline had a higher risk to become regular smokers. This could be explained by short-
term beneficial effects of smoking. Experimental mice studies in which asthma was induced 
before smoking exposure have shown short-term anti-inflammatory effects of smoking on 
allergic inflammation (Melgert et al., 2004; Robbins et al., 2005). It has been speculated 
that these short-term beneficial effects of smoking might be due to one or several of the 
known components in cigarette smoke. Specifically carbon monoxide (CO), nitric oxide 
(NO), and nicotine have been suggested (Melgert et al., 2004). A cross-sectional study on 
humans suggested likewise (Chalmers et al., 2001). Another explanation could be that 
adolescents with asthma are more susceptible to develop nicotine dependence. This is in 
line with research on COPD, where nicotine dependence is higher among patients with 
COPD compared to healthy smokers (Jimenez-Ruiz et al., 2001).
This study also showed gender differences in the association between asthma and smoking 
onset. While higher severity and IoA have a protective effect on experimenting with smoking 
among boys, it is a risk factor for smoking among girls. One explanation for this gender 
difference could be that girls have lower self-esteem than boys (Kling, Hyde, Showers, & 
Buswell, 1999), and especially for girls with asthma, smoking may be a way to enlarge 
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self-esteem. However, the results could also be explained by earlier onset of adolescence 
in girls. In adolescence, rebellion is a way to strive for independence. Given the age of the 
cohort, girls would be more rebellious as a result of earlier maturation. For girls with asthma, 
smoking would even be a stronger symbol of rebellion than for girls without asthma. 
Concerning the effect of maternal smoking, the findings of this study replicates earlier 
studies showing an increase in wheezing and not diagnosed asthma due to ETS (Gilliland, 
Li, & Peters, 2001). However, to our knowledge, this is the first study to show that maternal 
smoking moderates the effect of asthma and respiratory symptoms on smoking onset1. 
Having asthma or symptoms of asthma is only a risk factor of adolescent smoking onset 
when mother smokes, and this was shown consistently across all measures of asthma. In 
families where mother was a non-smoker, having asthma or symptoms of asthma was a 
protective factor for starting experimenting with smoking, whereas in families with maternal 
smoking, adolescents with symptoms of asthma or with diagnosed asthma were up to 
2.3 times more likely to start experimenting with smoking than those without (symptoms 
of) asthma. This might be explained by an increased modeling effect. According to the 
social learning theory (Bandura, 1977), parents who smoke act as role-models for their 
adolescents, and this modeling might be stronger among asthmatic adolescents. If they see 
their parents smoking even though they have asthma, they might interpret this as smoking 
not being really harmful for people with asthma; otherwise their parents would not smoke 
(Otten et al., 2005). To test this modeling hypothesis, we tested 3-way interactions between 
parental smoking (father and mother separately), adolescent asthma and adolescent gender 
on smoking onset, to see whether girls are more influenced by mother, and boys by father, 
especially within the asthmatic adolescents.  However, only two of the 24 tested interactions 
were significant, and no consistent pattern was detected. So no support was found that the 
interaction between maternal smoking and asthma status is different for boys and girls. Or 
interpreted in another way: the possible 2-way interaction between maternal or paternal 
smoking and adolescent gender is not different for adolescents with asthma and adolescents 
without asthma. So it is still possible that girls are more influenced by mothers, and boys 
more by fathers, but if this would be the case, the 3-way interactions do not show that this 
was different for asthmatic adolescents.
With regard to the prediction of asthma by smoking, the results of previous studies on 
adolescents have provided contradictory results (Genuneit et al., 2006; Gilliland et al., 
2006; Larsson, 1995; Ulrik et al., 1996). Our findings show that even early in adolescence, 
when smoking behavior has just been acquired, it already increases the change of symptoms 
of asthma, with a clear dose-response effect. This is in line with recent studies (Genuneit et 
al., 2006; Gilliland et al., 2006), showing increasing risk for onset of asthma with increasing 
levels of active smoking among adolescents. 
1 Only parental baseline smoking is included in the models for smoking onset. The models were not corrected for changes in parental 
smoking during the follow-up period, but these changes could influence adolescent smoking onset as well. However, only few 
parents changed smoking status in the 22 month period (e.g., 96% of the non-smoking mothers and 94% of the non-smoking 
fathers at baseline were still non-smokers at follow-up). Additional analyses on smoking status were also conducted with parental 
smoking status at follow-up added to the first step of the model (including the confounding variables, gender, and parental smoking 
at baseline). None of the significant interactions between asthma and maternal smoking changed. They all remained significant with 
similar odds ratios. 
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Baseline smoking predicted higher symptom severity among both genders, but the 
increase in severity due to smoking was twice as strong among females2. This might be 
explained by the same process identified as possible explanation for changes in the gender 
ratio in asthma (in childhood and early adolescence males are more likely to have asthma 
than females whereas this changes during adolescence, when males are less likely to have 
asthma) (Becklake & Kauffmann, 1999). Testosterone is an immunosuppressant, and this 
could protect males from developing asthma, whereas female sex steroids will increase the 
risk of atopic diseases because these steroids are proinflammatory (Osman, 2003). Therefore, 
females may be more susceptible to the effects of smoking. No gender differences in the 
effect of smoking were found for onset of wheeze, IoA or current diagnosed asthma, which 
is in line with a recent study showing that the association of regular smoking and adolescent 
onset of asthma did not differ by gender (Gilliland et al., 2006).
Another important finding is that maternal smoking also moderated the effect of 
adolescents smoking, after controlling for main effects of maternal and adolescent smoking. 
When mother is a smoker, adolescents who smoke have an increased risk to develop 
asthma symptoms. Among those whose mother does not smoke, there is only a small 
increase in development of symptoms due to active smoking. In this study, no measures 
of maternal smoking during pregnancy were included, only smoking at baseline. Since it 
is likely that a proportion of the smoking mothers were also smoking during pregnancy, 
the results could be explained by in utero exposure to smoke. A recent study showed that 
regularly smoking adolescents exposed to maternal smoking in utero were at higher risk 
than non-exposed regularly smoking adolescents, both compared with non-smoking non-
exposed adolescents (Gilliland et al., 2006). So even though the results indicate an effect of 
maternal smoking, the results of this study cannot disentangle to what extent this is caused 
by maternal smoking during pregnancy. In addition, maternal smoking is a likely source of 
exposure to environmental tobacco smoke (ETS) during childhood and adolescence. The 
cumulative exposure of in utero exposure and ETS could increase the risk of bronchial 
hyperreactivity, which in combination with adolescent smoking may increase the risk of 
developing asthma.
 This is the first study investigating the directionality of the relationship between smoking 
and asthma symptoms. This was tested among a large community sample with validated 
questionnaires to assess asthma and symptoms of asthma. Because we used multiple 
indicators of asthma, we were able to replicate the main effects in this study over different 
measures. However, this study suffers from some limitations. First, the follow-up period 
was brief, only 22 months. For studies on the onset of smoking among adolescents, this 
period is in line with many studies on smoking onset (Engels et al., 2004; Spijkerman, Van 
Den Eijnden, & Engels, 2005). The design of our study allows us to follow adolescents 
from approximately 13 to 15 years old. In the Netherlands, the largest increase in smoking 
behavior can be found between 13 and 16 years old (Stivoro, 2006). Because we measured 
smoking onset in a developmental period in which many adolescents start smoking, our 
2 To rule out that this is caused by a larger number of cigarettes smoked by girls we conducted a t-test. Among the smoking 
adolescents, girls and boys did not differ in their mean number of cigarettes smoked per week (mean number of cigarettes per week 
is 29.00 (SD 1.65) for boys, 30.17 (SD 1.61) for girls, p > 0.5).
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study period of 22 months is enough to detect predictors of the onset of smoking (primarily 
experimentation, not highly advanced stages like daily smoking or nicotine dependence). 
Nevertheless, a 22 months follow-up period was short for studying the development of 
asthma. Because of this shorter period, less asthma and symptoms of asthma could have 
developed, lowering the statistical power of the analyses. However, if predictive factors of 
asthma development are found, even with fewer new cases, this does certainly shed light on 
predictors of asthma development during adolescence.
Second, asthma and symptoms of asthma were assessed by self-report, which may have 
influenced odds ratios. However, the ISAAC questionnaire was designed for population-
based research (Asher et al., 2006) and showed to be a valid way to measure the prevalence 
of atopic diseases (Asher et al., 1995; Shaw et al., 1995).  A comparison of the ISAAC 
questionnaire with a physician’s assessment of asthma demonstrated sensitivity and specificity 
(Jenkins et al., 1996). A validation study of the ACAAI questionnaire showed that the cut-
off score of three or more affirmative responses had an estimated sensitivity of 80% and a 
specificity of 70% for an asthma clinical consensus designation according to a validation 
study (Redline et al., 2004). However, some of the effects of smoking on asthma seem 
inconsistent. Significant effects were found for current wheeze, IoA and symptom severity, 
but not for current diagnosed asthma. This is probably due to the relatively small number 
of new cases of asthma (n = 82). However, the effect of adolescent smoking is in the same 
direction (OR = 2.08; p < 0.1 for regular smoking), suggesting that with a larger incidence, 
this effect would be significant as well.  Similar inconsistencies were found for the effect 
of the different asthma measures on smoking. Although the correlations between the four 
asthma measures were moderate to strong, they measure different aspects of asthma, and 
could have been differentially biased by the use of self-reports (e.g., memory bias is more 
likely for reporting “wheeze during the last 12 months” than for “asthma diagnosed by a 
doctor”).  
Adolescent smoking was assessed by a single item on a 9-point scale, and this variable was 
recoded in three categories (never smokers, experimental smokers, and regular smokers). In 
recent publications of longitudinal studies using the same item, six categories of smoking 
initiation were identified (never smoker, trier, experimenter, regular smoker, nonsmoking 
decider, and quitter) (De Vries et al., 2003; Kremers, Mudde, & De Vries, 2004). In the 
present paper, the same categorization is used for never smokers and regular smokers. 
However, triers, experimenters, nonsmoking deciders and quitters are taken together into 
one category of experimental smokers, consisting of all adolescents who have initiated 
smoking since baseline, but were not regular smokers at follow-up. Using six categories of 
smoking initiation in the non-smokers at baseline would have resulted in a too small number 
of observations in some subgroups of the analyses, especially in the interaction analyses for 
the subgroups of adolescents with current wheeze and current diagnosed asthma. Therefore, 
we used a very broad definition of experimental smoking, which could have an impact on 
the odds ratios in this study. 
Furthermore, smoking was assessed by self-reports. However, confidentiality was 
guaranteed, and studies showed that self-reports on smoking are reliable and valid in the 
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case of guaranteed anonymity, and estimates of  smoking rates were similar for self-reports 
and biological markers like Cotinine (Dolcini, Adler, Lee, & Bauman, 2003). Information 
about parental smoking was also collected by adolescent-reports. Studies have shown that 
adolescents are a very reliable source to report on current parental smoking status (Harakeh, 
Engels, De Vries, & Scholte, 2005). However, parental smoking was assessed with a single 
question only, and we did not assess history and quantity of smoking and whether the 
parents smoke in front of the child. 
Like all longitudinal studies, this study suffered from a drop-out in the 22 months between 
the waves (26.4%). A logistic regression analysis including all variable of this study showed 
differences with regard to ethnicity, age, education level, baseline smoking status and 
baseline symptom severity between non-respondents and participants at follow-up. No 
significant differences in gender, IoA, current wheeze, and current diagnosed asthma were 
found. All variables together only explained 2.3% of the variance in drop-out, suggesting 
that potential selective attrition is rather limited. 
Conclusions
The relationship between asthma and smoking in adolescence seems to be bidirectional. 
The prediction of smoking by asthma, as well as the prediction of asthma by smoking is 
stronger in females and in families where mother is a smoker. Because of the higher smoking 
levels of adolescents with symptoms of asthma, it is important for health professionals to 
discuss smoking with adolescents with respiratory problems. Furthermore, mothers should 
be addressed in particular, because maternal smoking is a stronger predictor of smoking 
onset among adolescents with asthma.
This study also extends earlier results showing increased incidence of symptoms of asthma 
caused by active smoking. Female smokers and smokers exposed to maternal smoking 
were most likely to develop asthma or have increased symptoms of asthma. With regard 
to the development of asthma, tobacco prevention programs should pay more attention 
to this increased risk of respiratory symptoms. In particular in families of adolescents with 
respiratory conditions and symptoms effort should be made to inform mothers about the risk 
of their own smoking behavior for their children.
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Abstract
Several studies have shown that the prevalence of smoking among adolescents with 
asthma is similar or even higher than among non-asthmatic adolescents. To design 
effective interventions, the predictors of smoking among adolescents with asthma need 
to be identified. This is the first study investigating the theory of planned behaviour (TPB) 
among adolescents with asthma. An extended TPB model, also including risk perceptions 
and perceived prevalence of smoking, was tested in a national, cross-sectional sample of 
713 adolescents with (self-reported) current asthma and 7140 non-asthmatic controls.  No 
differences in the level of smoking-specific cognitions were found (except for perceived 
risk of lung affections). However, the results show that the effect of having pro-smoking 
cognitions (e.g. a positive attitude) on smoking is stronger for adolescents with asthma than 
for non-asthmatic adolescents. Therefore, smoking prevention programmes based on the 
TPB, designed for changing cognitions, could be of extra importance for adolescents with 
asthma.
Introduction
Although tobacco use is associated with increased health risks in the general population, for 
persons with asthma, smoking may be especially harmful. Active smoking is associated with 
increased symptoms of asthma (Siroux, Pin, Oryszczyn, Le Moual, & Kauffmann, 2000), and 
a reduced efficacy of corticosteroid therapy (Chalmers et al., 2002). Furthermore, smokers 
with asthma are at higher risk for the development of chronic obstructive pulmonary disease 
(COPD) (George, 1999). Therefore, it is particularly important to prevent smoking among 
patients with asthma. In order to design effective intervention programmes, it is necessary to 
identify determinants of smoking among this group.
Experimentation with smoking usually starts in adolescence, and smoking during 
adolescence is a strong predictor of regular smoking in adulthood (Pierce & Gilpin, 1996). 
Therefore, preventing the onset of smoking among adolescents with asthma is an adequate 
way to reduce regular smoking in adulthood, and reducing the health risks for people with 
asthma. Several studies have shown that the prevalence rates of smoking among adolescents 
with asthma are similar or even higher than among their non-asthmatic peers (Forero, 
Bauman, Young, Booth, & Nutbeam, 1996; Forero, Bauman, Young, & Larkin, 1992; Precht, 
Keiding, & Madsen, 2003; Tercyak, 2003; Zbikowski, Klesges, Robinson, & Alfano, 2002). 
For the purpose of smoking prevention, it is essential to understand why adolescents with 
asthma smoke despite the increased health risks, and the predictors of smoking among 
adolescents with asthma need to be studied thoroughly. Surprisingly, hardly any studies have 
focused on predictors of smoking in this specific group. 
One important framework for understanding a wide range of health behaviours is the theory 
of planned behaviour (TPB) (Ajzen, 1991). According to this theory, health behaviours are 
a function of a person’s intention to engage in a specific behaviour. Intention is determined 
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by three cognitive factors: attitudes, perceived behavioural control and subjective norm. 
Attitudes refer to the cognitive-affective evaluations of the specific behaviour; perceived 
behaviour control refers to how much perceived control a person has over a specific 
behaviour. Finally, subjective norm refers to whether a respondent thinks that important 
others would approve if he or she would perform that behaviour. With regard to smoking, 
adolescents with a positive attitude towards smoking, low perceived control over smoking, 
and a subjective norm approving smoking, will have a stronger intention to smoke and 
thus are more likely to engage in smoking. Many studies have shown the value of the TPB 
for predicting adolescent smoking (e.g. Hill, Boudreau, Amyot, Dery, & Godin, 1997; 
Spijkerman, Van Den Eijnden, Vitale, & Engels, 2004). Although the TPB is one of the most 
influential theories in predicting adolescent smoking behaviour, as far as we know, there are 
no studies investigating this framework, or even any other psychological theoretical model, 
among adolescents with asthma. Therefore, this study will focus on role of the factors of 
the TPB for predicting smoking behaviour among adolescents with asthma, and test for 
differences between adolescents with asthma and adolescents without asthma. 
Two other smoking-specific cognitions appear to be relevant in the literature about 
predicting smoking initiation among young people: the perceived prevalence of smoking 
and risk perceptions. Several longitudinal and cross-sectional studies have shown the “false 
consensus” effect (Ross, Greene, & House, 1977): overestimation of the perceived prevalence 
of alcohol, drugs or tobacco use among peers predicts onset and increase in the substance 
use among adolescents (Graham, Marks, & Hansen, 1991; Lai, Ho, & Lam, 2004). Because 
of their condition, we expected that adolescents with asthma would compare themselves 
less with the general group of non-asthmatic adolescents. Therefore, overestimation of the 
perceived prevalence of smoking among the general population of adolescents will be 
more weakly associated with smoking for adolescents with asthma than for non-asthmatic 
adolescents. 
Low perceived risks of smoking such as the risk of becoming addicted, or the risk of dying 
from smoking, are also associated with smoking among the general population of adolescents 
(Halpern-Felsher, Biehl, Kropp, & Rubinstein, 2004). In this paper, we will explore the role of 
different risk perceptions: the risk of dying from smoking, the risk of becoming addicted and 
the risk of lung affections. Because we expected adolescents with asthma to perceive higher 
risks of smoking, especially with regard to the risk of lung affections, risk perceptions were 
also included in the model. Although higher perceived risks of smoking among adolescents 
with asthma were expected, we did not expect differential associations between perceived 
risks and smoking among adolescents with asthma and their non-asthmatic peers.
Two of the smoking-specific cognitions investigated in the present study have been 
studied before in adolescents with asthma; namely attitudes and the perceived prevalence of 
smoking. Brook and Shiloh (1993) examined attitudes towards smoking among adolescents 
with current asthma, former asthmatic adolescents and non-asthmatic adolescents. They 
found that adolescents with current asthma held the most negative attitudes; former asthmatic 
adolescents held the most positive attitudes towards smoking. Unfortunately, the sample in 
this study was very small (41 adolescents with asthma, 18 former asthmatic adolescents) 
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and they exclusively examined differences in attitudes; the association between attitude 
and smoking status was not investigated. In a recent study, Zbikowski and colleagues (2002) 
investigated the association between smoking and intrapersonal and psychosocial risk 
factors of smoking in a large sample (N=3,234) of adolescents. To our knowledge, this is 
the only study that investigated the association between some smoking-specific cognitions 
and smoking behaviour among adolescents with asthma, but this study is not based on a 
theoretical model. Two risk factors in that study closely resembled the factors investigated in 
the present paper: they examined the perceived prevalence of smoking and the perceived 
value of smoking, which closely relates to attitudes. No differences were found between 
adolescents with asthma and non-asthmatic adolescents in the strength of the associations 
between the studied risks factors and smoking behaviour, with the exception of the belief 
that smoking is relaxing. It was found that for adolescents with asthma, the belief that 
smoking was relaxing was associated with smoking behaviour, but this was not the case for 
the non-asthmatic adolescents. 
Although attitudes have been studied in adolescents with asthma before, until now, the 
TPB has not been examined for adolescents with asthma. In the present paper, an extended 
TPB model including perceived risk and perceived prevalence of smoking will be tested. 
Instead of perceived behavioural control, a closely related construct was measured: self-
efficacy (perceived ability to resist smoking). This construct has been used instead of 
perceived behavioural control in several TPB studies (e.g. Giles, McClenahan, Cairns, 
& Mallet, 2004; Harakeh, Scholte, Vermulst, De Vries, & Engels, 2004; Latimer & Ginis, 
2005). In this paper we examined whether (1) adolescents with current asthma differ from 
adolescents without asthma with regard to smoking status (non-smoking, experimental 
smoking or regular smoking), (2) adolescents with current asthma differ from adolescents 
without asthma with regard to the smoking-specific cognitions, and (3) adolescents with 
current asthma differ from adolescents without asthma with regard to the associations 
between smoking-specific cognitions and smoking status. Consistent with previous studies 
on smoking and asthma, we expected that smoking status would be similar or higher 
among adolescents with asthma. Furthermore, because of the increased health risk and 
current symptoms, we expected that adolescents with asthma would perceive higher risks of 
smoking, a higher self-efficacy to refrain from smoking, and, in line with Brook and Shiloh 
(1993), more negative attitudes towards smoking. Because others know that the adolescent 
has asthma, it was expected that the subjective norm was more negative towards smoking. 
With regard to interactions between asthma status and cognitions, it was expected that 
the association between perceived prevalence of smoking and smoking behaviour would 
be weaker for adolescents with asthma because, when it comes to smoking, they may not 
compare themselves with non-asthmatic adolescents. Furthermore, in line with the results 
of Zbikowski and colleagues (2002), the association between attitude towards smoking and 
smoking behaviour was expected to be stronger for adolescents with asthma than for the 
non-asthmatic adolescents. For the other two cognitions from the TPB, we did not formulate 
hypotheses because this is the first study on the role of self-efficacy and subjective norm in 
predicting smoking among adolescents with asthma. 
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Method
The present study is part of a longitudinal study on smoking behaviour among adolescents 
with asthma and non-asthmatic adolescents. This longitudinal study was approved by 
the medical ethical committee (CMO Arnhem-Nijmegen). All variables of interest for the 
present study were measured at the second wave, except for demographic information, 
which was assessed at the first wave, which was conducted 4 months before the second 
wave. Therefore, the present paper can be considered as a cross-sectional study. 
Sampling and Data Collection
Fifty-five secondary schools in four regions of the Netherlands were randomly selected 
and approached for participation; 33 schools agreed to participate in this study and 22 
schools refused cooperation, mainly because they already participated in other scientific or 
prevention studies. Data collection of the first wave took place in January 2003; the second 
questionnaire was administered in May 2003. For both waves, all students from the first two 
classes of the secondary schools were asked to fill out a written questionnaire during school 
hours, under supervision of a teacher. All teachers received instructions about the procedure 
and how to handle questions from the students. Furthermore, they were asked to remind the 
students of the confidentiality and to note which students were absent and the reason for 
that absence. To increase motivation, the instruction for the students mentioned that CD gift 
vouchers would be raffled among students who filled out their questionnaire seriously.
Of the 11,124 students in the participating schools, 10,087 (90.7%) filled out the first 
questionnaire, 9008 (81.0%) students filled out both questionnaires consistently and 
completely. Because students did not know when the questionnaires were to be distributed, 
non-response was probably not due to selective attrition, but primarily due to illness, 
leaving school or moving to another school. During the first measurement, only 15 students 
explicitly refused to fill out the questionnaire; for the second measurement we did not 
report any explicit refusals. A logistic regression analysis was conducted to analyse whether 
respondents who filled out both questionnaires differed from the respondents who were 
only engaged in the first wave. No differences were found with regard to asthma. However, 
of the respondents who dropped out, 54.5% was male versus 48.5% in the non-dropouts, 
(p < 0.05); 24.9% was non-Dutch, versus 19.0% among the non-dropouts, (p < 0.01); 
and 49.5% followed low education, versus 38.6% among the non-dropouts, (p < 0.01). 
Furthermore, dropouts were older (mean age 13.2 among the dropouts, and 13.0 among 
the non-dropouts; p < 0.001) and more often engaged in smoking (44.0% reported lifetime 
smoking in the dropout group versus 36.0% among the non-dropouts; p < 0.01). Although 
dropouts differed from non-dropouts with regard to smoking, the additional interaction 
analyses showed that dropouts did not differ in the interaction between lifetime smoking 
and asthma, indicating that as many adolescents with asthma have ever smoked in the 
dropout group as in the non-dropout group. 
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Measures
Asthma status. Asthma status was assessed by using the self-report questionnaire of the 
International Study of Asthma and Allergies in Childhood (ISAAC). ISAAC was developed 
to provide a standardized methodology and standardized questionnaires to compare the 
prevalence of atopic diseases, both within and between countries, and across time (Asher 
et al., 1995). As one of the 281 centres (in 104 countries) participating in the third phase 
of ISAAC, we asked the participants to fill out an extended version of the asthma core 
questionnaire of ISAAC. The questionnaire of ISAAC is designed for population-based 
research, and has proven to be a valid instrument for assessing the prevalence of atopic 
diseases (Asher et al., 1995; Pearce et al., 1993; Shaw et al., 1995). The results of the 
questionnaire have been compared with a physician’s assessment of asthma status in the 
past year, and the ISAAC questionnaire showed to be sensitive and specific in measuring 
asthma and atopy (Jenkins et al., 1996). 
The respondents were divided in a group with current asthma and a group with never 
asthma based on their responses to four items: “wheeze in 12 months”, “asthma ever”, 
“asthma 12 months”, “asthma medication 12 months”. The 7140 students in the “never 
asthma group” responded they never had asthma and they did not experience wheeze in 
the past 12 months. The 713 students in the “current asthma group” all responded they 
had asthma at some point in their lives, and they either had asthma in the past 12 months, 
or they used asthma medication in the past 12 months (because of the possibility that the 
respondent hadn’t suffered from symptoms of asthma in the past 12 months due to the use 
of medication). Students who reported to have a history of asthma but were not asthmatic 
in the past 12 months nor used asthma medication in the past 12 months were excluded 
from the analyses because of the high diversity of this group (ranging from experiencing only 
one asthma-attack in the first year of life to having had asthma from early on in life till just 
recently). The final sample for this paper thus included 7853 respondents. 
Smoking status. Smoking behaviour was assessed by a single item on a 9-point scale ranging 
from (1) I never smoked, not even a puff to (9) I smoke at least once a day (Kremers, Mudde, 
& De Vries, 2001). This scale was treated as an interval scale in the analyses. Using a self-
reports of smoking has been found to be valid (Barnea, Rahav, & Teichman, 1987; Forastiere 
et al., 1993), and the instrument used in the present study has been used in various health 
studies in the Netherlands, and has proven to be a valid instrument to measure smoking 
status (Engels, Vitaro, Den Exter Blokland, De Kemp, & Scholte, 2004; Harakeh et al., 2004; 
Kremers et al., 2001).
Pro-smoking attitude. Seven items on a 7-point scale assessed the attitude towards regular 
smoking (Dijkstra, Sweeney, & Gebhardt, 2001). Subjects were asked to indicate whether 
they evaluated smoking positively or negatively (e.g. I find smoking (1) useless to (7) useful). 
Responses to these items were averaged to form a score for pro-smoking attitude. Internal 
consistency for these items was high (α = .86).
Self-efficacy (perceived ability to resist smoking). Self-efficacy was measured by six items on 
a 5-point scale ranging from very difficult to very easy to refrain from smoking in certain 
situations (e.g. I find it (1) very difficult to (5) very easy to refuse a cigarette when it is offered 
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to me) (De Vries, Dijkstra, & Kuhlman, 1988). Responses were averaged to yield a score for 
self-efficacy (α = .82). 
Subjective norm. Three items asked about whether the respondent thinks that important others 
(best friend, friends and parents) would approve of him/her smoking; (1) they absolutely do 
not approve, (2) they do not approve, (3) they do approve, (4) they absolutely approve) 
(De Vries, Backbier, Kok, & Dijkstra, 1995). Responses were averaged to form a score for 
subjective norm (α = .76). A higher score indicates important others are more approving of 
smoking.
Perceived prevalence of smoking. One item measured the perceived prevalence of smoking. 
Participants were asked to estimate the percentage of adolescents aged 12-14 that smoke 
(cf. Graham et al., 1991). 
Risk perception. Risk perception was assessed by 5 questions on a 4 point-scale ranging 
from ‘totally disagree’ to ‘totally agree’. The first four questions were adopted from a study 
of Arnett (2000), and concerned two issues: the risk of dying from smoking and the risk of 
addiction to smoking. On each issue, one question assessed the perceived risk to oneself 
(‘I doubt that I would ever die from smoking even if I smoked for 30 or 40 years’ and ‘I 
could smoke for a few years and then quit if I wanted to’), and the other question assessed 
perceived risk to others (‘Most people who smoke all their lives eventually die from an 
illness caused by smoking’ and ‘Most people who smoke for a few years become addicted 
and can’t stop’).  A fifth question was added, asking the respondents about the perceived 
risk of severe affections of the lungs to themselves (‘I think I could smoke for a few years 
without contracting severe affections of the lungs, like COPD’). Since the constructs tap 
quite different aspects of risks, ranging from asking respondents for the risks for the general 
population of adolescents to specific risks for themselves, we decided to analyse the items 
separately. 
Demographic information. Demographic variables included in the study were age, gender, 
education level (low, intermediate, and high) and ethnicity (Dutch or non-Dutch).
Statistical Analysis
Four sets of analyses were conducted. First, the adolescents with asthma were compared with 
non-asthmatic adolescents on demographic characteristics, using chi-square tests for gender, 
education level, and ethnic background, and a t-test for age. Second, Pearson correlation 
coefficients were calculated for the smoking-specific cognitions and smoking status. Third, 
univariate analyses of variance (ANOVAs) were conducted to test for differences in smoking 
status and smoking-specific cognitions between the adolescents with asthma and the non-
asthmatic adolescents. These analyses were corrected for gender, age, education level and 
ethnic background. In the fourth set of analyses, separate linear regression models were 
used to test for associations between each of the smoking-specific cognitions and smoking 
behaviour. Age, gender, education level and ethnic background were entered in step 1; 
asthma status (never versus current) and the concerned smoking-specific cognition were 
entered in step 2. The interaction between asthma status and the smoking-specific cognition 
was entered in the third step. 
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Results
Demographic Characteristics of the Sample
Table 1 describes the demographic characteristics of the participants. The participants in the 
sample had a mean age of 13.0 (SD = 0.80) and there was a slight overrepresentation of girls 
(51.4% girls vs. 48.6% boys). The majority of adolescents had a Dutch background (81.5% 
vs. 18.5% with a non-Dutch background). Of the total sample, 7140 adolescents (90.9%) 
were classified as never having had asthma, whereas 713 adolescents (9.1%) were classified 
as currently having asthma. Chi-square tests and t-tests showed that the adolescents who 
never had asthma did not differ significantly from the adolescents with current asthma with 
regard to the demographic characteristics. 
Table 1. Demographic characteristics of the non-asthmatic adolescents and the adolescents with 
asthma.
Total sample Never asthma Current asthma
N 7853 (100%) 7140 (90.9%) 713 (9.1%)
Gender Female 4026 (51.4%) 3665 (51.4%) 361 (50.8%)
Male 3808 (48.6%) 3459 (48.6%) 349 (49.2%)
Ethnic background Non-Dutch 1412 (18.5%) 1296 (18.7%) 116 (16.6%)
Dutch 6221 (81.5%) 5638 (81.3%) 583 (83.4%)
Education level Low 2933 (38.2%) 2654 (38.0%) 279 (40.2%)
Intermediate 1575 (20.5%) 1439 (20.6%) 136 (19.6%)
High 3163 (41.2%) 2884 (41.3%) 279 (40.2%)
Mean age 12.97 (0.80) a 12.96 (0.79) a 13.00 (0.85) a
Note. a Values in parentheses for mean age represent standard deviations. 
Difference in Smoking Status and Smoking-specific Cognitions between Adolescents 
with Asthma and Non-Asthmatic Adolescents 
The results of the ANOVAs are presented in Table 2. After controlling for the effects of 
gender, age, education level and ethnic background, there was no difference in smoking 
status between the adolescents with asthma and the non-asthmatic adolescents. 
Table 2. Estimated marginal means and analyses of variance for the non-asthmatic adolescents and the 
adolescents with asthma.
Never asthma Current asthma F Significance
Smoking 2.03 (0.033) 2.11 (0.083) 0.85 ns
Pro-smoking attitude 1.81 (0.015) 1.79 (0.039) 0.11 ns
Self-efficacy 4.18 (0.011) 4.23 (0.028) 2.96 ns
Subjective norm 1.92 (0.011) 1.94 (0.028) 0.26 ns
Perceived prevalence of smoking 45.63 (0.311) 46.42 (0.787) 0.98 ns
Risk of dying to others 2.73 (0.011) 2.76 (0.029) 1.54 ns
Risk of dying to oneself 2.92 (0.012) 2.91 (0.030) 0.07 ns
Risk of addiction to others 3.03 (0.014) 3.05 (0.034) 0.60 ns
Risk of addiction to oneself 2.80 (0.015) 2.82 (0.037) 0.57 ns
Risk of affection of the lungs to oneself 3.17 (0.012) 3.34 (0.031) 31.09 p < .001
Note. All analyses are corrected for gender, age, education level and ethnic background. Values in parentheses represent standard errors. 
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With regard to the smoking-specific cognitions, only one significant difference was found. 
Adolescents with current asthma reported a higher perceived risk of getting severe affections 
of the lungs after smoking for a few years than the non-asthmatic adolescents did.
Correlations between Cognitions and Smoking Status
Table 3 presents the Pearson correlations for all study variables. All smoking-specific 
cognitions were related with smoking status, and the three cognitions from the TPB were 
interrelated. Adolescents with a more positive attitude perceived a higher pro-smoking 
subjective norm, and had a lower self-efficacy to refrain from smoking. The perceived 
prevalence of smoking was related to most other smoking-specific cognitions, suggesting 
that those adolescents who think that a higher percentage of youngsters are engaged in 
smoking, held more positive attitudes, perceived a more pro-smoking subjective norm, 
perceived a lower risk of dying from smoking, and, for the adolescents without asthma only, 
had a lower self-efficacy to refrain from smoking. With regard to the perceived risks, risk of 
addiction to others was predominantly related with risk of addiction to oneself. Similarly, the 
estimated risks of dying to others, the risk of dying to oneself, and the risk of affection of the 
lungs were highly correlated with each other, and less correlated with the risk of addiction 
to others and oneself. 
Smoking Behaviour as a Function of Smoking-specific Cognitions and Asthma Status
Table 4 describes the results of the separate linear regression analyses for smoking status, 
evaluating the main effects of a smoking-specific cognition, asthma, and the interaction between 
cognition*asthma. After controlling for gender, age, education level and ethnic background, 
all smoking-specific cognitions were significantly associated with smoking status (all p-values 
< 0.001). Pro-smoking attitude, subjective norm and perceived prevalence of smoking were 
positively associated with smoking status; self-efficacy and the different risk items were negatively 
associated with smoking status. The cognitions from the TPB (attitude, self-efficacy and subjective 
norm) had the strongest associations with smoking status, with Betas ranging from .40 to .58. In 
all analyses except two, asthma status was not associated with smoking status. 
Furthermore, four of the interactions between asthma status and smoking-specific 
cognitions were significant: pro-smoking attitude (p < 0.01), self-efficacy (p < 0.01), risk 
of dying to oneself (p < 0.05), and risk of affection of the lungs to oneself (p < 0.001). The 
unstandardised regression coefficient for the product term (A x C) in Table 4 represents the 
change in the effect of the predictor variable, that is: the change in the regression weight for 
cognition, when going from the group that is coded as 0 on the dummy variable A (= non-
asthma) to the group that has code 1 (= asthma). For example: in the case of pro-smoking 
attitude, the unstandardised coefficient for A x C is .20; this means that the regression 
coefficient for pro-smoking is .20 higher in the asthma-group than in the non-asthma 
group. In the non-asthma group (when A = 0), the unstandardised regression weight is 1.24 
(unstandardised coefficient for cognition in step 3); therefore, it is 1.44 in the asthma-group 
(A = 1). This difference in unstandardised regression coefficients is statistically significant, 
as witnessed by the t-test for the coefficient for the product term (alternatively: by the F-test 
for the R-square change at step 3). So the positive relation between pro-smoking attitude 
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and smoking status was stronger among the adolescents with asthma than among the non-
asthmatic adolescents. For self-efficacy and the two risk-perception items, the association 
between cognition and smoking status was negative, and again this negative association was 
stronger among adolescents with asthma. 
Discussion
The present study is the first study to investigate the role of smoking-specific cognitions 
from the TPB (including two additional cognitions) in predicting smoking behaviour among 
adolescents with asthma, by using a large, population-based sample, and using statistical 
methods that allow for potential confounders to be controlled for. The results suggest that 
pro-smoking cognitions (i.e. a highly positive attitude towards smoking, a low self-efficacy 
to refrain from smoking, a high pro-smoking subjective norm, a high perceived prevalence 
of smoking, and low risks perceptions of smoking) are important predictors of smoking for 
adolescents with asthma as well as for non-asthmatic adolescents, but the effects of attitude, 
self-efficacy and two of the perceived risks (risk of severe lung affections and risk of dying 
from smoking) appear to be stronger for adolescents with asthma than for non-asthmatic 
adolescents.
Consistent with most other studies on smoking and asthma among adolescents (e.g. Forero 
et al., 1992), the results of the present study showed that, despite their increased health 
risks and their manifest asthma symptoms, Dutch adolescents with asthma smoke at least 
as much as their non-asthmatic peers. Similarly, no differences between adolescents with 
asthma and non-asthmatic adolescents were found on TPB cognitions (attitudes, self-efficacy, 
subjective norm). With regard to attitude towards smoking, the findings of the present study 
are not in line with those of Brook and Shiloh (1993), who revealed a more negative attitude 
towards smoking among adolescents with current asthma. Perhaps this difference is due to 
the context in which the questionnaire is filled out. In the study of Brook and Shiloh (1993), 
adolescents with asthma were asked to fill out the questionnaire during a follow-up visit 
at the respiratory clinic. This setting might have led to socially desirable answers, whereas 
the classroom setting in the present study might have encouraged adolescents to give more 
honest answers. Furthermore, visiting a clinic might activate an asthma identity, whereas 
this part of identity might be activated to a lesser extent in the classroom. With respect to 
self-efficacy, a higher self-efficacy was expected for adolescents with asthma, because their 
illness could support them in their ability to refrain from smoking. However, no differences 
in self-efficacy were found. It might be that the youngsters with asthma do not want to focus 
on their illness when they are with peers, and will not use their illness as an excuse to refrain 
from smoking. Concerning subjective norm, no differences between adolescents with asthma 
and their non-asthmatic peers were found. This is surprising, because parents and friends 
know the adolescent suffers from asthma, and it would be expected that they disapprove 
smoking because of the current symptoms and the increased health risks. However, this 
result can, to a certain extent, be explained by two recent studies showing that adolescents 
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with asthma are more likely to have smoking parents (Otten, Engels, & Van Den Eijnden, 
2005), and that adolescents with asthma have as many smoking friends as non-asthmatic 
adolescents do (Otten, Van Den Eijnden, & Engels, in press). Considering that adolescents 
with asthma are equally surrounded with smoking parents and friends, it is not surprising 
that the perceived subjective norm does not differ. With regard to the perceived prevalence 
and risk perceptions, only one difference was found: as expected, adolescents with asthma 
perceived a higher risk of affection of the lungs than the non-asthmatic adolescents did. 
In line with other studies (e.g. De Vries et al., 1995; Hill et al., 1997; Spijkerman et 
al., 2004), all smoking-specific cognitions were related to smoking status: Smoking was 
associated with a more positive attitude, lower self-efficacy, a higher pro-smoking subjective 
norm, a higher perceived prevalence of smoking and lower risk perceptions. However, the 
foregoing does not say anything yet about whether the smoking-specific cognitions are 
similarly related to smoking status among adolescents with asthma and non-asthmatic 
adolescents. 
For subjective norm and perceived prevalence, as well as for three risk perceptions (risk 
of dying to others, risk of addiction to oneself, risk of addiction to others), no interactions 
between cognition and asthma were found. This indicates that even though these factors are 
associated with smoking status, these associations are similar for adolescents with asthma 
and non-asthmatic adolescents. Although no interaction between asthma and perceived 
prevalence was found in the study of Zbikowski and colleagues (2002) as well, this result 
was contradictory to our expectations: It was hypothesised that adolescents with asthma 
would compare themselves less with the general population, and therefore the association 
between perceived prevalence and smoking was expected to be weaker in adolescents with 
asthma.
For attitudes, self-efficacy, risk of dying to oneself, and risk of affections of the lungs to 
oneself, significant interactions showed that these cognitions are differentially related to 
smoking among adolescents with asthma and non-asthmatic adolescents. The direction of 
the interactions between asthma and the cognitions seem to indicate that the effects of 
pro-smoking cognitions (i.e., a highly positive attitude towards smoking, low self-efficacy 
to refrain from smoking, and low risk perceptions) are stronger for the adolescents with 
asthma than for their non-asthmatic peers. This suggests that smoking-specific cognitions 
are even more important in predicting the smoking behaviour of adolescents with asthma 
than in predicting the smoking behaviour of non-asthmatic adolescents. The findings of the 
present study are in line with the results of Zbikowski and colleagues (2002), who found an 
interaction effect for the belief that smoking was relaxing. Although the present study did not 
address this particular belief, similar to the present study, Zbikowski and colleagues (2002) 
displayed that smoking-specific cognitions are more strongly associated with smoking 
among adolescents with asthma than among their non-asthmatic peers. 
Why are adolescents with asthma more susceptible to start smoking when having positive 
smoking cognitions? An explanation may be that adolescents with asthma already feel 
different from their peers due to their asthma. They are bothered by the stigma of being 
asthmatic (Price, 1996) and having asthma can have a large impact on daily life: they have 
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to use medication and comply with a certain lifestyle, they cannot always accompany their 
friends in sport activities and when going to parties (Lenney, 1997). Furthermore, they are 
sometimes hospitalised because of their asthma, which has an effect on their functioning in 
peer relations (Graetz & Shute, 1995). Therefore, belonging to the group and being similar 
to group members is very important for youngsters with asthma. Smoking is a way to gain 
status during adolescence (Spijkerman, Van Den Eijnden, & Engels, 2005), and because 
adolescents with asthma do not want to be different and may feel more pressure to fit 
in, they may be particularly susceptible to pro-smoking cognitions, and therefore faster in 
their progression from pro-smoking cognitions to actual smoking. When adolescents with 
asthma, for example, have a positive attitude towards smoking, they may be more inclined 
to start smoking than non-asthmatic adolescents with a positive attitude. 
The strength of the relationship between cognitions-intentions and cognitions-behaviour 
can be affected by several properties of cognitions (e.g. Lipkus, Pollak, McBride, Schwartz-
Bloom, Lyna & Bloom, 2005), and these properties may differ between adolescents with 
asthma and their non-asthmatic peers. One of those properties is accessibility. Because 
of their symptoms and the reactions from the social environment, they may be forced to 
contemplate more on smoking, thereby making stronger associations in memory, and the 
cognitions become more accessible. Studies have shown that the association between 
cognitions and behaviour is stronger when the cognitions are more accessible from memory 
(Fazio, 1995; Kokkinaki & Lunt, 1997). Another property affecting the cognition-intention 
relationship is involvement: the association between cognition and intention is stronger when 
people are more involved, i.e. they perceive an issue as important and personally relevant 
(Kokkinaki & Lunt, 1997; Nederhof, 1989). Because of their increased risks of smoking, 
the issue of smoking may be more important and personally relevant for adolescents with 
asthma, and therefore the associations between cognitions and intentions, and as a result 
behaviour may be stronger among adolescents with asthma. 
A limitation of the present study is its cross-sectional nature. We cannot rule out the 
possibility that these interactions are due to a reduction of cognitive dissonance (Festinger, 
1957): when there is an inconsistency between cognitions and behaviour, something must 
change to reduce this dissonance, and cognitions may be easier to change than behaviour. 
Among adolescents with asthma who smoke, the conflict between cognitions and behaviour 
might be larger than among non-asthmatic adolescents who smoke, because of the increased 
detrimental effects for adolescents with asthma. In order to reduce this cognitive dissonance, 
adolescents with asthma may have to adjust their cognitions even more, resulting in even 
higher pro-smoking cognitions. Longitudinal data is required to test whether cognitions are 
differentially related to smoking initiation for adolescents with asthma and non-asthmatic 
adolescents.
Implications
Despite the increased health risk, adolescents with asthma smoke just as much as their non-
asthmatic peers. These results suggest that it is very important to design proper interventions 
to prevent this vulnerable group from smoking. Adolescents with asthma do not have a 
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higher self-efficacy to refrain from smoking, and teaching them refusal skills may decrease 
smoking. Furthermore, adolescents with asthma do not perceive their social environment 
to be more disapproving towards smoking. Including friends and parents in intervention 
programmes and convincing them about the increased health risks may help adolescents 
with asthma not to smoke. Although adolescents with asthma recognize they have an 
increased risk of obtaining lung diseases, no differences were found in the perceived risk 
of dying from smoking. Apparently, they do not seem to realize that these lung diseases are 
associated with a reduced life expectancy. Therefore, health-care providers should not only 
warn the adolescents for the increased risk of obtaining lung diseases, but they should also 
focus on the severe consequences lung affections like COPD could have.
Many smoking prevention programmes for the general population of adolescents are 
based on the TPB (Cuijpers, Jonkers, De Weerdt, & De Jong, 2002; De Vries et al., 2003). The 
results of the present study have shown that these prevention programmes are appropriate for 
adolescents with asthma as well; in fact, they seem to be even more important in preventing 
adolescents with asthma from smoking. Among all adolescents with pro-smoking cognitions 
(e.g. a positive attitude), adolescents with asthma have an increased risk of becoming engaged 
in smoking as compared to their non-asthmatic peers. In contrast, among all adolescents 
with anti-smoking cognitions (e.g. high risks perceptions) no difference between those 
with asthma and those without asthma exists, smoking behaviour is similarly low. When 
prevention programmes based on TPB could change the cognitions from pro-smoking to 
contra-smoking, this is even more efficient for adolescents with asthma: Not only do they 
have a lower risk of becoming engaged in smoking because of their changed cognitions, 
their increased risk of smoking may disappear as well; the risk of being engaged in smoking 
is similarly low for adolescents with asthma and non-asthmatic adolescents when having 
contra-smoking cognitions. 

Chapter  8
A longitudinal test of the theory of 
planned behavior predicting 
smoking onset among asthmatic and 
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Abstract
Despite the particularly detrimental health risks of smoking for adolescent with asthma, 
several studies demonstrated higher smoking rates among asthmatic adolescents than among 
healthy adolescents. To gain insight into underlying mechanisms, longitudinal studies on 
differences in smoking predictors between asthmatic and non-asthmatic adolescents are 
essential. This longitudinal study with two waves with an 18 months interval tests the Theory 
of Planned Behavior (TPB) among 346 asthmatic adolescents and 3,733 non-asthmatic 
adolescents aged 12-16 years. Structural equation models were used to test the predictive 
value of the TPB in these two groups. The results show, consistent with the TPB, that smoking-
related cognitions (attitude, perceived behavioral control, and subjective norm) predict 
smoking onset via intention among both asthmatic and non-asthmatic adolescents. The TPB 
predicted smoking onset even stronger among adolescents with asthma. These findings may 
contribute to the development of tailored interventions for the prevention of smoking among 
asthmatic adolescents.
Introduction
Worldwide, tobacco use causes around 5 million deaths per year, and is the most common 
cause of preventable deaths nowadays (WHO, 2003a). Despite awareness of the health risks 
of smoking, many adolescents take up smoking during adolescence. In the Netherlands, 
in 2005 the prevalence of ever smoking was 35%, 43%, 49% for 13, 14 and 15 year olds, 
respectively (Stivoro, 2006). Those who experiment with smoking in early adolescence 
have higher odds to become regular smokers than those who start later in life (Pierce & 
Gilpin, 1996). Therefore, preventing adolescents to start experimenting with smoking is an 
adequate way to decrease mortality and morbidity caused by tobacco use. This is even 
more important for adolescents with asthma, since the health risks of active smoking are 
higher for persons with asthma: smoking is related to an increase in symptoms of asthma 
(Siroux, Pin, Oryszczyn, Le Moual, & Kauffmann, 2000), an increased risk of developing 
chronic obstructive pulmonary diseases (COPD) (George, 1999), and a reduced efficacy of 
corticosteroid treatment (Chalmers et al., 2002). Remarkably, several studies have found that 
smoking is more common among asthmatic adolescents (Forero, Bauman, Young, Booth, & 
Nutbeam, 1996; Precht, Keiding, & Madsen, 2003; Zbikowski, Klesges, Robinson, & Alfano, 
2002), with asthmatic adolescents being up to 2.55 more likely to be daily smokers than 
non-asthmatic adolescents (Forero et al., 1996). 
One of the most influential theories predicting smoking onset, the theory of planned 
behavior (TPB) (Ajzen, 1991) has been used for designing many theory-based smoking 
prevention programs for the general population of adolescents (e.g., Cuijpers, Jonkers, 
de Weerdt, & de Jong, 2002; De Vries et al., 2003). However, we do not know whether 
these interventions are appropriate for adolescents with asthma, as it is unknown whether 
smoking is predicted by the same factors among adolescents with asthma as among their 
126
____  Chapter   ______________________________________________________________________________
non-asthmatic peers. Therefore, the current study compares predictors of smoking onset 
among adolescents with and without asthma, by focusing on the smoking-specific cognitive 
predictors from the TPB.
The TPB suggests that a certain behavior can be predicted by a person’s intention to 
perform that behavior, which in turn is determined by three cognitive factors: attitudes 
(the cognitive-affective evaluations of that behavior), perceived behavioral control (PBC) 
(perceived competence to perform that behavior), and subjective norm (approval of that 
behavior by significant others). According to the TPB, adolescents with a positive attitude 
towards smoking, a low PBC to refrain from smoking, and adolescents perceiving a subjective 
norm approving of smoking will have a stronger intention to start smoking and in turn are 
more likely to take up smoking.
Among the general population of adolescents, this theory has been tested in numerous 
studies, both cross-sectionally and longitudinally. Although cross-sectional designs are 
useful to explore relations between variables, longitudinal designs are more appropriate in 
revealing the order of events. For example, a positive relationship between attitude towards 
smoking and smoking behavior in cross-sectional studies does not reveal whether this is due 
to attitude influencing the onset of smoking, or whether smoking onset caused attitudes to 
become more positive towards smoking (Festinger, 1957). To design effective interventions, 
predictors of smoking onset need to be identified, and therefore longitudinal designs are 
much more informative. Several longitudinal studies showed that the cognitive concepts 
from the TPB are valuable in predicting smoking onset of adolescents (e.g., De Vries, 
Backbier, Kok, & Dijkstra, 1995; Flay et al., 1994; Harakeh, Scholte, Vermulst, De Vries, & 
Engels, 2004; Huver, Engels, & De Vries, 2006). A recent study by Wilkinson and Abraham 
(2004), that compared the predictive value of several previously identified correlates of 
smoking, stressed the importance of smoking-specific cognitions in predicting smoking 
onset among adolescents. Research supported TPB’s assumption that the smoking specific 
cognitions influence smoking mainly via intention to start smoking (De Vries et al., 1995), 
and PBC is found to be the strongest predictor of smoking (e.g., Flay et al., 1994; Harakeh 
et al., 2004). 
Among asthmatic adolescents, the TPB has not been tested longitudinally. Moreover, 
to our knowledge, only two studies concentrated on differences in smoking-specific 
cognitions between adolescents with and without asthma. Brook and Shiloh (1993) showed 
that adolescents with asthma had more negative attitudes towards smoking and a lower 
intention to start smoking than non-asthmatic adolescents. On the contrary, no differences 
in smoking-specific cognitions were found in a more recent study (Van De Ven, Van Den 
Eijnden, & Engels, 2006b). Both studies were cross-sectional, analyzing smoking behavior 
in a sample with both non-smoking and smoking adolescents. The present longitudinal 
study will examine onset of smoking in a sample of exclusively non-smoking youths, with 
smoking-specific cognitions measured preceding smoking onset.
With regard to the role of smoking-specific cognitions in predicting smoking onset, only 
two studies focused on the association between smoking-specific cognitions and smoking 
behavior in adolescents with asthma, both of cross-sectional nature. Zbikowski and 
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colleagues (2002) investigated the relations between several intrapersonal and psychosocial 
risk factors and adolescent smoking. Among these variables they included “perceived value 
of smoking”, which closely relates to attitudes. Differences between asthmatic and non-
asthmatic adolescents in the relation between perceived values and smoking were examined. 
Only one item differed significantly between the two groups: the belief that smoking was 
relaxing was only associated with smoking among asthmatic adolescents. A recent cross-
sectional study tested the associations between the smoking-specific cognitions from the 
TPB and smoking in a large sample of adolescents with and without asthma (Van De Ven 
et al., 2006b). Results showed that, for both pro-smoking attitudes and PBC to refrain from 
smoking, the relation between these cognitions and smoking behavior was stronger among 
asthmatic adolescents than among non-asthmatic adolescents. Even though these findings 
suggest that smoking specific cognitions and intention may play a more important role in 
smoking onset for adolescents with asthma, alternative interpretations cannot be ruled out. 
For example, the findings may be caused by cognitive dissonance reduction (Festinger, 1957): 
when there is an inconsistency between cognition and behavior, people tend to change their 
cognitions. Since smoking has more detrimental effects for adolescents with asthma, the 
conflict between cognitions and behavior may be larger among smoking adolescents with 
asthma and therefore, they may experience an even stronger need to change their cognitions 
into even more pro-smoking cognitions after initiating smoking. 
Several studies point to possible differences in the strengths of associations between the 
concepts of the TPB when adolescents with and without asthma are compared. First, the 
before-mentioned cross-sectional studies (Van De Ven et al., 2006b; Zbikowski et al., 2002) 
show that the relation between attitude towards smoking and PBC on the one hand and 
smoking behavior on the other is stronger among asthmatic adolescents. Secondly, cross-
cultural differences in the performance of social cognitive theories have been found (Godin 
et al., 1996). Godin and colleagues suggest that culture may affect cognitions about a certain 
behavior via beliefs of how a “person like me” should behave. One might assume that these 
kinds of differences may be found between asthmatic and non-asthmatic adolescents as well, 
since for adolescents with asthma, the norms about smoking in the society are different (less 
approving) than the norms for non-asthmatic adolescents. Thirdly, studies point to different 
factors that could moderate the strength of the effect of cognitions on behavior. Cooke and 
Sheeran (2004) describe several moderators, such as accessibility, temporal stability, certainty 
and involvement. Due to the health risks associated with smoking, asthmatic adolescents 
might contemplate more on smoking. Therefore, cognitions about smoking might be more 
accessible, stable, relevant, and certain, thereby strengthening the relationship between 
cognition and behavior. 
These studies together show that the performance of the TPB might differ in asthmatic 
and non-asthmatic adolescents. We hypothesize that the concepts of the TPB are stronger 
predictors for smoking onset in adolescents with asthma than in non-asthmatic adolescents. 
To test this hypothesis, the present longitudinal study (18 months interval) among 4,079 
adolescents addresses two questions: Do adolescents with asthma differ from non-asthmatic 
adolescents with respect to (1) smoking-specific cognitions at T1 (time 1), and (2) the value 
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of the concepts of the TPB for predicting smoking onset. In line with previous cross-sectional 
studies we expected a lower intention to start smoking among adolescents with asthma 
and we did expect to find no differences in PBC and subjective norm. Due to conflicting 
evidence in these studies, no hypothesis was formulated about attitude towards smoking. 
Concerning the effect of the concepts of TPB on smoking onset, we expected generally 
stronger effects for adolescents with asthma than for non-asthmatic adolescents. 
Method
The present longitudinal study on smoking behavior among asthmatic and non-asthmatic 
adolescents was approved by the medical ethical committee (CMO Arnhem-Nijmegen). 
For this paper, adolescents who reported to have never smoked on T1 were included in 
the analyses. Attitude, subjective norm, PBC, and intention were measured at T1; smoking 
behavior was measured at T1 and T2 (time 2). 
Participants
Thirty-three secondary schools across the Netherlands participated in this study. Data 
collection of T1 took place in May 2003; the second questionnaire was administered 18 
months later in November 2004 (T2). At T1, all students from the first two classes of the 
secondary schools were included in this study. Of the 9,642 respondents who filled out the 
first questionnaire, 7,152 adolescents (74.2%) filled out both questionnaires consistently and 
completely. Because students did not know when the questionnaires were to be distributed, 
we assume non-response was primarily due to illness, leaving school or moving to another 
school. Of this sample, 4,368 adolescents reported they had never smoked at T1. Because 
36 respondents had missing data on their smoking behavior on T2, they were excluded from 
the analyses. 
We identified asthmatic adolescents by using an extended version of a Dutch translation 
(Wieringa, Weyler, Van Bever, Nelen, & Vermeire, 1999) of the asthma questionnaire of 
the International Study of Asthma and Allergies in Childhood (ISAAC). This questionnaire 
is designed for population based research and has proven to be a valid instrument for 
assessing the prevalence of asthma (Asher et al., 1995; Pearce et al., 1993; Shaw et al., 
1995). The respondents were identified as having current asthma or never asthma based 
on their responses to three items. The 346 students with current asthma all responded they 
had asthma at some point in their lives, and they either had asthma in the past 12 months, 
or they used asthma medication in the past 12 months. A total of 3,733 students responded 
they never had asthma. Students who reported to have a history of asthma but were not 
asthmatic in the past 12 months, nor used asthma medication in the past 12 months (n = 
208) were excluded from the analyses because of the high diversity of this group (ranging 
from experiencing only one asthma-attack in the first year of life to having had asthma from 
early on in life till just recently). The final sample for this paper thus consisted of 4,079 
respondents. As shown in Table 1, most respondents (83.2%) were of Dutch origin, and 
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there was a slight overrepresentation of girls in the sample (52.9% girls vs. 47.1% boys). 
All levels of the Dutch school system were represented in the sample. The mean age of the 
respondents was 13.2 (SD = 0.74) at T1 (Table 2).
Table 1. Demographic characteristics of adolescents who never had asthma and adolescents who 
currently have asthma.
Total sample Never asthma Current asthma χ²
N 4079 (100%) 3733 (91.5%) 346 (8.5%)
Gender Female 52.9% 53.4% 51.9% 3.53
Male 47.1% 46.6% 48.1%
Ethnic background Non-Dutch 16.8% 16.9% 15.4% 0.49
Dutch 83.2% 83.1% 84.6%
Education level Low 29.6% 29.5% 29.7% 0.06
Intermediate 19.6% 19.6% 19.1%
High 50.9% 50.8% 51.3%
Intention Sure never start smoking 58.5% 57.5% 69.7% 19.23***
Think never start smoking 40.0% 41.0% 29.2%
Think start smoking 1.5% 1.5% 1.2%
Smoking onset No 74.7% 74.4% 78.0% 2.16
Yes 25.3% 25.6% 22.0%
Note. *** p < 0.001
Procedure
For both T1 and T2, all students filled out a written questionnaire during school hours, under 
supervision of a teacher. All teachers received instructions about the procedure and how to 
handle questions from the students. Furthermore, they were asked to remind the students 
that the data would be processed anonymously and to note which students were absent 
and the reason for that absence. To increase motivation, the instruction for the students 
mentioned that CD gift vouchers (of 20 Euro) would be raffled among students who filled 
out their questionnaire seriously.
Measures
All items and response scales of the questionnaires used in this study are described in the 
Appendix. The measures used in the present study have been used in various studies on 
adolescent smoking behavior, and have proven to be valid instruments to assess the TPB (De 
Vries, Dijkstra, & Kuhlman, 1988; Harakeh et al., 2004; Van Zundert, Engels, & Van Den 
Eijnden, 2006). 
Pro-smoking Attitude. Seven items on a 7-point scale assessed the attitude towards regular 
smoking (Dijkstra, Sweeney, & Gebhardt, 2001). Participants were asked to indicate whether 
they evaluated smoking positively or negatively (e.g., I think daily smoking is (1) boring to (7) 
exciting). Responses to these items were averaged to form a score for pro-smoking attitude. 
Internal consistency for these items was good (Cronbach’s alpha (α) = .81).
Perceived Behavioral Control (PBC) (perceived ability to resist smoking). PBC was measured by 
six items on a 5-point scale ranging from very difficult to very easy to refrain from smoking 
in certain situations (e.g., To refuse a cigarette when it is offered to me is… very difficult 
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(1) to very easy (5) for me) (De Vries et al., 1988; Engels, Knibbe, De Vries, & Drop, 1998). 
Responses were averaged to yield a score for PBC (α = .79). 
Subjective Norm. Three items asked about whether the respondent thinks that important 
others (best friend, friends and parents) would approve of him/her smoking; (definitely not 
(1) to definitely yes (4)) (De Vries et al., 1995). The responses for the two items asking about 
best friend and other friends were averaged to form a score for subjective norm of friends 
(α = .74). Subjective norm parents and subjective norm friends were entered separately in 
the model.
Intention. Intention to smoke was measured by a single item on a 7-point scale ranging 
from (1) I am sure I will never start smoking to (7) I think I will start smoking within a month 
(Harakeh et al., 2004; Kremers, Mudde, & De Vries, 2001). Because of the skewness of the 
distribution of intention to smoke, this variable was recoded into 3 categories (I am sure I 
will never start smoking, I think I will never start smoking, I think I will start smoking).
Smoking Behavior. Smoking behavior at T1 and T2 was assessed by a single item on a 9-
point scale ranging from (1) I never smoked, not even a puff to (9) I smoke at least once a 
day (Kremers et al., 2001). At both T1 and T2, this variable was dichotomized into 1 (never 
smoked) versus 2 (smoked once or more) because of the skewness of the distribution of this 
variable. Only adolescents who never smoked at T1 were included in this study. Assessing 
smoking among adolescents by self-reports showed to be valid (Barnea, Rahav, & Teichman, 
1987; Forastiere et al., 1993), and the instrument used in the present study has been used 
in various health studies in the Netherlands (Engels, Vitaro, Blokland, De Kemp, & Scholte, 
2004; Harakeh et al., 2004; Van De Ven et al., 2006b).
Statistical Analysis
First, Pearson correlation coefficients were calculated for the smoking-specific cognitions. 
Subsequently, t-tests were conducted to test for differences in smoking-specific cognitions 
between adolescents with and without asthma and chi-square tests were conducted to test 
for differences in smoking intention and smoking onset. To examine the TPB in asthmatic 
and non-asthmatic adolescents, structural equation models (SEM) were tested with the 
software package Mplus (Muthén and Muthén, 2001). SEM serves purposes resembling 
multiple regression, but has several advantages over regression (e.g., reducing measurement 
error by using latent variables with multiple indicators and testing overall models instead 
of individual coefficients). Missing values were handled by the full-information maximum 
likelihood (FIML) approach with the help of the expectation maximization (EM) algorithm: 
missing values were estimated using the available information in the dataset by casewise 
maximizing the likelihood of the observed data (Wothke, 2000).
Weighted Least Square Method with adjusted mean- and variance chi-square statistics 
(WLSMV estimator) was used to test the model of the TPB. We used parcels as indicators 
for the latent variables “attitude” and “PBC” (Bandalos & Finney, 2001). Parcels are subsets 
of scale items. First, principal component factor analysis using SPSS was used to determine 
the factor loadings of each of the attitude and PBC items. For both attitude and PBC, items 
with corresponding factor loadings were divided over two subsets of scale items, leading 
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to two parcels for “attitude” and two parcels for “PBC”. Subjective norm of friends was 
also estimated by 2 indicators: one item about the subjective norm of the best friend, one 
item about other friends. To measure subjective norm of the parents, intention and smoking 
behavior, the observed scores were used. Initially, a model with full mediation by intention 
was tested. Non-significant paths were removed, and paths were added to the model when 
the fit of the model improved. The chi-square value with degrees of freedom and the p-
value of the model are calculated. However, because the chi-square is extremely sensitive 
to sample size, other fit measures (independent of N) were examined to evaluate the fit; 
the comparative fit index (CFI) and the root mean square error of approximation (RMSEA). 
For CFI, values greater than 0.95 indicate a good fit between the model and the data, for 
RSMEA, values below 0.05 indicate a good fit (Kaplan, 2000). The model is tested separately 
for adolescents who currently have asthma and for adolescents who never had asthma. 
Results
Chi-square tests and t-tests showed that the adolescents with asthma did not differ significantly 
from the adolescents who never had asthma on socio-demographic characteristics (gender, 
ethnic background, education level and age). Furthermore, smoking onset between baseline 
and follow-up did not significantly differ between adolescents with asthma (22.0%) and the 
non-asthmatic adolescents (25.6%), χ² (1, N = 4079) = 2.16, p = .14 (Table 1). However, 
differences were found with regard to the smoking-specific cognitions measured at baseline: 
Adolescents with asthma had a lower intention to start smoking, a more negative attitude 
towards smoking, and a higher PBC to refrain from smoking (Table 2). Subjective norm of 
friends and parents did not significantly differ between the two groups. 
Table 2. Means of age and smoking-specific cognitions at baseline for adolescents who never had 
asthma and adolescents who currently have asthma.
Never Asthma Current Asthma t-value
Mean age 13.2 (0.73) 13.1 (0.78)  1.32
Attitude 1.46 (0.68) 1.39 (0.56)  2.16*
PBC 4.30 (0.57) 4.38 (0.53) -2.23*
Subjective norm friends 2.01 (0.80) 2.06 (0.78) -1.32
Subjective norm parents 1.32 (0.61) 1.29 (0.61)  0.92
Note. * p < 0.05. Data are expressed in means; values in parentheses represent standard deviations. 
Table 3 describes the standardized factor loadings and correlations of the latent factors 
of the Mplus model for the adolescents with and without asthma. The standardized factor 
loadings vary between .71 and .91, and are thus sufficiently high. Moreover, correlations 
indicated that in both groups, having a more positive attitude towards smoking was related 
with a lower PBC to refrain from smoking and a more approving subjective norm (parents 
and friends). Furthermore, a higher PBC was related to a less approving subjective norm 
of parents (both groups) and a less approving subjective norm of friends (only significant 
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among the non-asthmatic adolescents). Finally, the subjective norm of parents and friends 
were positively related in both groups. 
Table 3. Standardized factor loadings and intercorrelations of the latent factors of the model for 
adolescents who never had asthma and adolescents who currently have asthma.
Never asthma Current asthma
Factor loadings:
Attitude → attitude parcel 1  0.84***  0.80***
Attitude → attitude parcel 2  0.86***  0.77***
PBC → PBC parcel 1  0.75***  0.71***
PBC → PBC parcel 2  0.84***  0.82***
Subjective norm friends → Subjective norm best friend  0.84***  0.82***
Subjective norm friends → Subjective norm other friends  0.90***  0.91***
Correlations:
Attitude ↔ PBC  -0.38***  0.38***
Attitude ↔ Subjective norm friends  0.25***  0.29***
Attitude ↔ Subjective norm parents  0.19***  0.28***
PBC ↔  Subjective norm friends  -0.17***  -0.09
PBC ↔  Subjective norm parents  -0.09***  -0.14*
Subjective norm friends ↔ Subjective norm parents  0.38***  0.29***
Note. * p < 0.05; *** p < 0.001
The Predictive Value of the TPB for the Non-asthmatic Adolescents
Figure 1 shows the paths of the model of the non-asthmatic adolescents with standardized 
regression weights. The fit indices showed that the model fitted the data well (CFI above 
0.95, RMSEA was 0.05). Twenty-six percent of the variance in intention and 7% of the 
variance in smoking onset was explained by the model. The results are in line with the 
TPB. Adolescent with a more positive attitude towards smoking, lower PBC and a high pro-
smoking subjective norm of parents and friends had a higher intention to smoke, which 
in turn predicted smoking onset. Furthermore, a higher attitude and a more pro-smoking 
subjective norm of parents had a direct effect on smoking onset.
The Predictive Value of the TPB for the Adolescents with Asthma
Figure 2 shows the paths of the model of the asthmatic adolescents with standardized 
regression weights. The model fitted the data well (CFI above 0.95, RMSEA below 0.05). 
The explained variance of the model of the asthmatic adolescents was higher, especially for 
smoking onset: 36% of the variance in intention and 16% of the variance in smoking onset 
was explained by the model. In general, the model was similar to that of the non-asthmatic 
adolescents, and the results are in line with the TPB, except that subjective norm of friends 
was not related to intention among the asthmatic adolescents. Adolescent with a more positive 
attitude towards smoking, lower PBC and a high pro-smoking subjective norm of parents had 
a higher intention to smoke, which in turn predicted smoking onset. The regression weights 
of this model are higher than the weights in the model of non-asthmatic adolescents. The 
longitudinal path between intention and smoking onset is even twice as large in the model for 
asthmatic adolescents than in the model of non-asthmatic adolescents. 
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Figure 1. Structural equation model with standardized coefficients for testing the TPB among the non-
asthmatic adolescents. R² intention = 0.26; R² smoking onset = 0.07; N = 3733, χ2 [20] = 218.89, p = 
0.000, CFI = 0.984, RMSEA = 0.052 * p < 0.05; **  p  < 0.01; ***  p < 0.001 
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Figure 2. Structural Equation model with standardized coefficients for testing the TPB among the 
asthmatic adolescents. R² intention = 0.36; R² smoking onset = 0.16; N = 346, χ2 [23] = 37.05, p = 
0.032, CFI = 0.983, RMSEA = 0.042 * p < 0.05; **  p < 0.01; ***  p < 0.001. 
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Discussion
The purpose of the present study was to test the value of the TPB for predicting smoking 
onset in asthmatic and non-asthmatic adolescents. The results show, in line with the TPB, 
that smoking-related cognitions (attitude, PBC, and subjective norm) predict smoking onset 
via intention among both asthmatic and non-asthmatic adolescents. However, the smoking-
specific cognitions of the TPB explained more of the variance in smoking onset among 
asthmatic adolescents.
Differences in Level of Smoking-specific Cognitions and Intention between Asthmatic 
and Non-asthmatic Adolescents
Although the results were generally in agreement with the TPB, we found differences 
between the two groups. With regard to the mean level of smoking-specific cognitions, 
adolescents with asthma had a more negative attitude towards smoking and a higher PBC 
to refrain from smoking. Previous studies on differences in smoking-specific cognitions 
between asthmatic and non-asthmatic adolescents used samples including both smoking 
and non-smoking adolescents, and reported contradictory results. With regard to attitudes 
towards smoking, Brook and Shiloh (1993) found more negative attitudes among asthmatic 
adolescents, whereas other studies (Van De Ven et al., 2006b; Zbikowski et al., 2002) found 
no differences in attitude between asthmatic and non-asthmatic adolescents. No differences 
were found for PBC and subjective norm (Van De Ven et al., 2006b). The present study 
measured smoking-specific cognitions exclusively among non-smokers at baseline to avoid 
ambiguity due to mixing findings for non-smoking adolescents and those who already smoke. 
Adolescents with asthma were found to have more negative cognitions about smoking. 
This is in contrast with the previous mentioned cross-sectional studies (Van De Ven et al., 
2006b; Zbikowski et al., 2002), in which both smokers and non-smokers were included, 
and in which no differences were found. When including only non-smokers in the present 
study, asthmatic adolescents more strongly endorsed anti-smoking cognitions, but when 
smokers and non-smokers were considered together, no such difference was found. 
Asthmatic adolescents seem to have adjusted their cognitions more than the non-asthmatic 
adolescents after smoking onset, suggesting a larger cognitive dissonance reduction in 
asthmatic adolescents.  
Further, asthmatic adolescents had a lower intention to smoke than the non-asthmatic 
adolescents. This might be caused by the higher perceived risks of getting lung diseases 
(Van De Ven et al., 2006b) among adolescents with asthma. Because they are aware of 
their increased health risks, they intent to refrain from smoking. In addition, one would also 
expect a lower intention to smoke among asthmatic adolescents due to parental pressure, 
i.e., we expected that parents are aware of the increased health risks associated with smoking 
for asthmatic adolescents and would therefore be less approving of their child’s smoking. 
Nevertheless, the lack of differences in subjective norms of parents of asthmatic and non-
asthmatic adolescents seems to indicate that there is no increased pressure from parents 
of asthmatic adolescents to refrain from smoking. This is in line with a recent study (Otten, 
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Engels, & Van Den Eijnden, 2005) showing that asthmatic adolescents were more likely to 
have parents who smoke, indicating that parents of asthmatic children do not quit smoking 
because their child is suffering from asthma.  
Differences between Asthmatic and Non-asthmatic Adolescents in Smoking Onset
Although asthmatic adolescents have a lower intention to start smoking, their smoking onset 
is not significantly different from the onset of non-asthmatic adolescents. This is in line 
with some cross-sectional studies on smoking behavior of asthmatic and non-asthmatic 
adolescents (e.g., Forero, Bauman, Young, & Larkin, 1992), although several studies found 
a higher prevalence of smoking among adolescents with asthma (e.g., Precht et al., 2003). 
However, it is important to note that due to the cross-sectional nature of these studies it 
is not sure whether asthma preceded smoking onset, or whether smoking preceded the 
development of asthma. 
Relations between Smoking-specific Cognitions, Intentions and Smoking Onset 
The results of the present study demonstrated differences in mean levels of smoking-specific 
cognitions and intentions, but not in onset. These findings raise the question how the concepts 
from the TPB relate to smoking intention and onset among the two groups. Differences in the 
associations between cognitions and intentions were found. Among asthmatic adolescents, 
subjective norm of friends was not related with intention to smoke, while it was related 
to intention among non-asthmatic adolescents. This might be explained by the fact that 
asthmatic adolescents are still more dependent on their parents’ opinions and behaviors due 
to for example shared medication management. Therefore, they may be influenced more 
by the subjective norm of parents than the norm of friends. This is in line with the results, 
which show that the path from norm of parents to intention is almost three times as high 
for asthmatic adolescents than among the non-asthmatic adolescents. This indicates that 
asthmatic adolescents are affected more by the parental norm towards smoking than non-
asthmatic adolescents1. Even though we did not find differences in the means of parental 
subjective norm between asthmatic and non-asthmatic adolescents, the results indicate that 
it is more important for parents of asthmatic adolescents to disapprove smoking.
Furthermore, the models of the two groups differ with respect to the direct paths from 
attitude and subjective norm of parents to intention to smoke, i.e., these pathways are only 
significant among non-asthmatic adolescents. However, these differences may be caused by 
the large difference in sample size. Because of the smaller sample of asthmatic adolescents, 
1 To test whether the differences in associations between subjective norm of parents and intention to smoke are caused by differences 
in parental smoking, we conducted additional analyses including parental smoking in the model (with a direct path to smoking 
onset, as well as an indirect path via intention). If the relation between subjective norm of parents and intention can be explained 
by parental smoking, the regression weights of subjective norm parents and intention would decrease. Including parental smoking 
in the model did not significantly alter the model findings in both groups. The same paths between the variables of the TPB, smoking 
intention and smoking onset were significant. Most of the regression weights did not change either, except for small changes the in 
regression weights of subjective norm of parents. For the non-asthmatic adolescents, subjective norm parents to intention became 
0.04 instead of 0.05 after including parental smoking, and the regression weight of subjective norm parents to smoking onset 
became 0.06 instead of 0.07. For the asthmatic adolescents, subjective norm parents to intention became 0.13 instead of 0.14. 
Although a small decrease in the effect of subjective norm parents was found, this did not significantly change the model, indicating 
that in both groups, the effect of subjective norm of parents was hardly affected by parental smoking behavior.
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it is possible that regression weights of the direct paths would have similar strengths to that 
of the non-asthmatic adolescents but fail to reach significance. 
Overall, the models seem to suggest that the TPB is more predictive of smoking onset 
among asthmatic adolescents than among non-asthmatic adolescents, i.e., the proportion of 
variance explained by the model is twice as high among the asthmatic adolescents, and the 
path between intention and smoking onset is twice as high as well. This higher predictive 
power among asthmatic adolescents might result from differences in the need for acceptance 
of others. Because of their asthma, their need to use medication, and the impact asthma can 
have on daily living (e.g., harder to join in playing sports and going to parties, complying 
with lifestyle advice) (Lenney, 1997), asthmatic adolescents might feel different from their 
peers. This is in line with studies on the wellbeing of asthmatic adolescents showing more 
internalizing behavior problems among asthmatic children and adolescence (e.g., Alati et 
al., 2005). Since smoking may be a way to obtain status during adolescence (Spijkerman, Van 
Den Eijnden, & Engels, 2005), asthmatic adolescents who already have positive cognitions 
towards smoking may be more inclined to actually start smoking. 
Another explanation for the relative high predictive power of the TPB for asthmatic 
adolescents may be found in the prototype-willingness model (Gibbons, Gerrard, Blanton, 
& Russell, 1998; Gibbons, Gerrard, Reimer, & Pomery, 2006). According to this model there 
are two pathways to health behavior. The first is the reasoned path, an intentional path 
analogous to the path suggested by the TPB. Many theories on health behavior assume that 
adolescents’ health behavior is preceded by a deliberate consideration of options, pros and 
cons. However, as argued by Kremers, Mudde, De Vries, Brug, and De Vries (2004), most 
adolescents only start thinking about whether or not to be a smoker after trying it a few times. 
According to the prototype/willingness model, much of the initial engagement of adolescent 
health-risk behavior is not deliberately planned but a response to social circumstances. 
Therefore, the model has a second pathway: a social reaction path. When adolescents are in 
a situation facilitating health-threatening behavior, willingness (i.e., openness to opportunity) 
predicts behavior. The results of the present study seem to suggest that asthmatic adolescents 
more often take the intentional pathway to smoking than the non-asthmatic adolescents. It 
appears to be that among asthmatic adolescents, smoking initiation is more often planned 
behavior than among non-asthmatic adolescents. Explanations for this difference can 
be found in the literature about moderators of the effect of cognitions on behavior, such 
as accessibility, temporal stability, involvement, and certainty which all strengthen the 
relationship between cognition and behavior (Cooke & Sheeran, 2004). Because of their 
illness and their increased health risks of smoking, asthmatic adolescents may contemplate 
more on smoking and therefore smoking cognitions may be more accessible from memory, 
may be more stable over time, the asthmatic adolescents may be more involved in the topic 
of smoking, and will be more certain about their cognitions. As a result, these cognitions will 
be better predictors of smoking among asthmatic adolescents, and smoking will be more of 
a deliberate choice instead of a response to the circumstances. 
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Implications
The results of this study show that non-smoking asthmatic adolescents have more negative 
attitudes towards smoking, more PBC and lower intention to smoking. Given the increased 
health risk of smoking for asthmatics, this is the desired result. However, our previous cross-
sectional study using the same sample but also including smokers showed no difference in 
mean level of the cognitions, suggesting more cognitive dissonance reduction to occur in 
asthmatics. Once the transition to smoking is made, adolescents with asthma seem more 
likely to change their cognitions into pro-smoking cognitions, increasing the likelihood to 
stay smokers and become dependent smokers, which is especially harmful for adolescents 
with asthma. PBC is the strongest predictor of intentions to smoke, and improving PBC, 
for instance by refusal skills training, seems an important cognitive factor to focus on in 
prevention programs. Because of the increased cognitive dissonance reduction for asthmatic 
adolescents, it is important to intervene before they even consider taking up smoking. It 
would be interesting for future research to test what causes this increased tendency to have 
more positive cognitions after smoking onset among asthmatic adolescents. 
The results also show that asthmatic adolescents are more affected by the subjective norm 
of parents than non-asthmatic adolescents. Parents of asthmatic adolescent could be targeted 
in smoking prevention programs for adolescents with asthma. They should be informed about 
the importance of disapproving smoking, and enforce more parental pressure to refrain from 
smoking. Smoking prevention programs aimed at parents have proven to be successful in 
reducing smoking initiation during adolescence (e.g., Jackson & Dickinson, 2006).
Furthermore, our findings show that the predictive power of the TPB is stronger among 
adolescents with asthma, suggesting that smoking among asthmatic adolescents is more 
often planned behavior. Future research should focus on what determines the predictive 
power of health-specific cognitions for health behaviors, i.e., under what conditions health 
behavior is more deliberately planned. For smoking as well as other health-risk behaviors, 
particularly vulnerable adolescents may be guided more by their cognitions because they 
contemplate more on these risky behaviors. These groups of adolescents may benefit more 
of TPB-based interventions.
Strengths and limitations
The results of this study are based on a large population-based sample of adolescents, using 
a longitudinal design and sophisticated analyses using SEM. Despite these strengths, this 
study has some limitations. In this study, we focused solely on smoking onset, and did not 
investigate the TPB with regard to transitions in smoking behavior. Future studies should also 
explore the effect of smoking-specific cognitions on other transitions in smoking behavior 
of asthmatic adolescents. 
Furthermore, our results are based on self-reports of smoking. However, studies have 
shown that self-reports on smoking are reliable and valid when anonymity is guaranteed 
(Barnea et al., 1987; Forastiere et al., 1993), and prevalence estimates of smoking were 
similar when using self-reports or a biological markers (salivary cotinine) (Dolcini, Adler, 
Lee, & Bauman, 2003). On the other hand, this has not been examined in adolescents with 
asthma. It may be that they have a higher tendency to underreport smoking. This study also 
used self-reports for assessing asthma by using the ISAAC questionnaire. Due to the large 
sample size it was not possible to verify asthma status by more objective physical measures 
of asthma. However, the ISAAC questionnaires are widely used in epidemiological studies 
on juvenile asthma (e.g., Asher et al., 2006), and the questionnaire showed to be sensitive 
and specific in measuring asthma when compared with a physician’s assessment of asthma 
(Jenkins et al., 1996).
Finally, we did not test the differences between asthmatic and non-asthmatic adolescents 
with multigroup analyses, due to the large difference in sample size. There is still ongoing 
debate in the SEM-literature whether or not it is possible to test for multigroup differences 
with such sample size differences. Therefore, we decided to test and report separate models 
for the asthmatic and non-asthmatic adolescents. 
Conclusion
The results of this study showed that the TPB is useful in predicting smoking onset in 
adolescents, and in a specific group of asthmatic adolescents. Among the latter group i.e., 
adolescents who are especially vulnerable to the effects of smoking, the predictive value of 
the TPB is higher than among the general population of adolescents. Our results suggest that 
adolescents who feel more vulnerable to a particular health risk are more often deliberately 
plan health-threatening behavior. In these vulnerable groups, TPB based interventions are 
probably more successful.   
Appendix: Questionnaire items and response scales
Pro-smoking attitude: 7-point Likert scale
I think daily smoking is…
1. Unpleasant (1) to pleasant (7)
2. Harmful (1) to innocent (7)
3. Useless (1) to useful (7)
4. Boring (1) to exciting (7)
5. Hazardous (1) to harmless (7)
6. Unhealthy (1) to healthy (7)
7. Bad (1) to good (7)
Perceived behavioral control (PBC): 5-point Likert scale
1. Not to smoke if my friends smoke is…very difficult (1) to very easy (5) for me
2. To refuse a cigarette when it is offered to me is… very difficult (1) to very easy (5) for me
3. To stay or become a non-smoker is… very difficult (1) to very easy (5) for me
4. To think of a reason not to smoke is… very difficult (1) to very easy (5) for me
5. To explain why I do not want to smoke is… very difficult (1) to very easy (5) for me
6. To respond when someone thinks I am a coward because I do not smoke is… very difficult (1) to 
very easy (5) for me
Subjective norm: 4-point Likert scale
1. Do you think your best friend would approve when you smoke (or would smoke)? Definitely not 
(1) to definitely yes (4)
2.  Do you think your friends would approve when you smoke (or would smoke)? Definitely not (1) to 
definitely yes (4)
3. Do you think your parents would approve when you smoke (or would smoke)? Definitely not (1) to 
definitely yes (4)
Intention
Which of the following statements applies to you? 
1. I am sure I  will never start smoking
2. I think I will never start smoking
3. I think I will start smoking in the future
4. I think I will start smoking within 5 years
5. I think I will start smoking within 1 year
6. I think I will start smoking within 6 months
7. I think I will start smoking within 1 month
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Smoking behavior
Which of the following statements applies to you? 
1. I never smoked, not even a puff
2. I have tried smoking, but I do not smoke anymore
3. I have quit smoking after smoking less then once a week
4. I have quit smoking after smoking at least once a week
5. I try smoking every now and then
6. I smoke less than once a month
7. I smoke less than weekly, but at least once a month
8. I smoke less than daily, but at least once a week
9. I smoke at least once a day
Chapter  9
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Abstract 
Despite even occasional smoking being more risky for adolescents with asthma, the rate of 
smoking in this vulnerable population remains high. This study is the first longitudinal study 
investigating asthma-specific predictors of smoking initiation.
A 3-wave longitudinal survey study (22 months) among 257 adolescents with asthma was 
conducted. The effects of asthma-specific factors (symptom severity, medication adherence, 
coping strategies, attitude towards asthma, and quality of life (QOL) on smoking onset were 
tested with logistic regression models. 
Smoking onset was predicted by poorer self-reported adherence and by the coping strategy 
hiding asthma. Gender moderated the effect of QOL: poorer QOL predicted smoking in 
boys only.
It is important to monitor adherence during adolescence as low adherence is a risk factor 
of smoking initiation. In addition, psychosocial factors, such as coping and QOL for boys, 
are associated with smoking initiation. These factors highlight the importance of attending 
to the psychosocial needs of young people with asthma.  
Introduction
For adolescents with asthma, prevention of smoking onset is even more important than for 
healthy adolescents, since the health risks of smoking are more pronounced for people with 
asthma (Thomson, Chaudhuri, & Livingston, 2004). Smoking in people with asthma may 
both have an immediate impact by triggering asthma as well as long-term effects, such as 
an increased risk of developing chronic obstructive pulmonary diseases (COPD) (George, 
1999), increased asthma severity and an increased frequency of asthma attacks (Siroux, Pin, 
Oryszczyn, Le Moual, & Kauffmann, 2000), and reduced efficacy of corticosteroid treatment 
(Chalmers et al., 2002). 
Smoking is usually initiated during adolescence. Longitudinal studies demonstrated that 
early smoking onset, including occasional smoking, is a strong predictor of later daily 
smoking (Patton et al., 1998), and smoking just one cigarette is an important predictor of 
later tobacco use (e.g., Fidler, Wardle, Brodersen, Jarvis, & West, 2006). Other predictors 
of smoking onset in adolescents include personality, genetic susceptibility, peer influences, 
and social cognitive factors (e.g. Conrad, Flay, & Hill, 1992). 
Despite the increased risks of smoking for adolescents with asthma, studies showed that 
smoking rates are just as high (e.g., Forero, Bauman, Young, & Larkin, 1992; Tercyak, 2003) 
or even higher (e.g., Forero, Bauman, Young, Booth, & Nutbeam, 1996; Precht, Keiding, 
& Madsen, 2003) among adolescents with asthma compared to their healthy peers. For 
example, Forero and colleagues (1996) showed that adolescents with asthma had 2.55 
times higher odds of being a daily smoker than adolescents without asthma. Adolescents 
with asthma thus have a double disadvantage: they have higher odds of smoking and they 
experience more consequences from smoking (Sawyer, Drew, Yeo, & Britto, 2007). This 
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emphasizes the importance of understanding the predictors of smoking onset in adolescence. 
However, there have been few prospective studies of smoking onset in adolescents with 
asthma (Tercyak, 2006; Van De Ven, Engels, Otten, & Van Den Eijnden, 2007), and to our 
knowledge, no study concentrated on asthma-specific predictors of smoking in adolescents 
or adults with asthma. Three categories of asthma-specific factors can be distinguished: 
illness characteristics, reactions to illness, and consequences and outcomes of the illness. 
These three categories are interrelated: consequences and outcomes of having asthma are 
directly affected by the illness characteristics, as well as indirectly via reactions to having 
asthma (e.g., Adams, Wilson, Smith, & Ruffin, 2004; Van De Ven, Engels, Sawyer, Otten, & 
Van Den Eijnden, 2007).
Illness characteristics
The first category consists of illness characteristics, such as the severity of asthma. A previous 
study, which drew from the same sample as the present study, showed that adolescents who 
experienced more symptoms indicative of asthma (e.g. wheezing) had a higher risk of being 
regular smokers at follow-up (Van De Ven, Engels, Kerstjens, & Van Den Eijnden, 2007). No 
other asthma-specific factors were examined in that study. A limitation of that previous study 
was that there was no assessment of whether self-reported respiratory symptoms were in fact 
due to asthma. These same symptoms could reflect other diagnoses. In the current study, the 
effects of asthma severity, as well as the effects of other asthma-specific factors on smoking 
initiation were only examined in those subjects who actually reported current asthma. 
Reactions to illness
The second category refers to the reactions of an adolescent to having asthma. There is very 
little research about the relation between reactions to illness and tobacco use of adolescents 
with asthma, and there are no longitudinal studies. A cross-sectional study by Precht et al. 
(2003) among adolescents with asthma suggested a relationship between taking medication 
and smoking: adolescents with symptoms who were not taking medicine in the past 14 days 
were twice as likely to smoke compared to adolescents without symptoms who were taking 
their medicine. In a more recent cross-sectional study in adolescents with asthma, Bush et 
al. (2007) found that smokers were more likely to use rescue medication, but less likely to 
use controller medication, despite more symptoms of asthma. These cross-sectional results 
suggest a relation between non-adherence and smoking in adolescents with asthma. In the 
current study, this relationship was examined longitudinally. 
Another factor that could potentially relate to smoking onset is how adolescents cope 
with asthma. Research in healthy populations showed that coping is related to substance 
use. Wills and colleagues (2001) tested the relation between coping and substance use (i.e., 
tobacco, alcohol, marijuana) in healthy adolescents. ‘Behavioural coping’ (i.e. making an 
action plan and following it) was related to lower substance use, whereas ‘disengagement 
coping’ (i.e., anger coping, helpless coping, hangout coping) was related to higher levels of 
use. To our knowledge, no studies examined whether coping is also related to smoking onset 
among adolescents with asthma. In addition to adherence and coping, this study examined 
attitude towards asthma in relation to smoking onset of adolescents with asthma. 
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Consequences of illness
The third category describes consequences and outcomes of the illness, such as the quality 
of life (QOL) of adolescents with asthma. Studies in healthy as well as illness populations 
demonstrated that QOL and smoking are related (e.g., Wilson et al., 1999). Although 
the majority of studies were of cross-sectional design, it is assumed that smoking causes 
a reduction in QOL. Support for this assumption was found in some longitudinal studies 
(e.g., Mitra, Chung, Wilber, & Klein Walker, 2004) but other longitudinal studies found 
that changes in smoking status did not predict changes in QOL (Quist-Paulsen, Bakke, & 
Gallefoss, 2006).  The present study aimed to test whether the consequences and outcomes 
of asthma, as measured by QOL, predict smoking onset among adolescents with asthma.  
In sum, previous research indicated that asthma-specific factors are potential predictors of 
smoking initiation in adolescents with asthma (e.g., Wills, Sandy, Yaeger, Cleary, & Shinar, 
2001; Wilson, Parsons, & Wakefield, 1999). In the current prospective study of Dutch 
adolescents with asthma, the associations between symptom severity, medication adherence, 
coping strategies, attitude towards asthma, and quality of life on the one hand and the 
initiation of smoking in adolescents with asthma on the other were explored. Moreover, 
it was tested whether the effect of asthma-specific factors differed for girls and boys; thus 
whether any effect might be moderated by gender. Previous research demonstrated gender 
differences in asthma-specific factors: girls report more symptoms of asthma (Van De Ven 
et al., 2006), have lower QOL (Warschburger, 2004), but seem better adapted to living 
with asthma (Williams, 2002) than boys. Gender moderation was also tested in this study 
because research in healthy adolescents found that gender moderated the effect of smoking 
predictors on smoking onset (e.g., Van Den Bree, Whitmer, & Pickworth, 2004). 
Method
Sampling and Sampling Procedure
This three-wave longitudinal study was approved by the local medical ethics committee (CMO 
Arnhem-Nijmegen). Data collection for the first wave took place in January 2003 as part of the 
International Study of Asthma and Allergies in Childhood (ISAAC) phase III (Asher et al., 1995). 
All seventh- and eight-grade students (mean age 13.0 years) from 33 secondary schools that 
participated in this study (of 55 schools that were approached to take part following random 
selection from the phone book) were asked to complete a written questionnaire during school 
hours under the supervision of a teacher. A more detailed description of the first wave of this 
study, which screened for symptoms of asthma, can be found elsewhere (Van De Ven, Van Den 
Eijnden, & Engels, 2006). The second wave was undertaken four months later, when separate 
questionnaires were given to adolescents with asthma measuring several aspects about their 
illness and smoking behaviour. Smoking was assessed again at the follow-up in November 
2004; about eighteen months later (see Figure 1). 
146
____  Chapter   _______________________________________________________________________________
Figure 1. Flow diagram of study phases and sample size.
Adolescents with asthma were identified using a Dutch translation of the extended version 
of the asthma questionnaire of ISAAC (Asher et al., 1995; Wieringa, Weyler, Van Bever, 
Nelen, & Vermeire, 1999). This questionnaire is designed for population-based research 
and has good sensitivity and specificity when compared with a physician’s assessment of 
asthma (Jenkins et al., 1996). Students who ever had asthma and who either reported they 
had suffered from asthma in the past 12 months or who had used asthma medication in the 
past 12 months were categorized as currently having asthma. 
Of the 6,769 adolescents who completed all three questionnaires (67% of first wave 
participants), those who had current asthma at the first two waves, who reported they had 
never smoked at the second wave, and who filled out the smoking question at the third wave 
were selected, resulting in a final sample of 257 adolescents (see Figure 1). Asthma status 
was thus assessed before smoking initiation. Most students were of Dutch origin (84.4%); 
125 (48.6%) were girls. At the first wave, the mean age of the respondents was 12.8 years 
11,124 students from 33
participating schools
Wave 1 (January 2003):
N = 10,087 adolescents
participated in Wave 1
Age: M = 12.99 (SD = 0.80)
Age range: 11-16 years
Adolescents without current asthma
Wave 1 (N = 9,305)
Never smokers: 5,716 (63.2%)
Ever smokers: 3,332 (36.8%)
Daily smokers: 433 (4.8%)
Adolescents with current asthma
Wave 1 (N = 782)
Never smokers: 469 (62.6%)
Ever smokers: 280 (37.4%)
Daily smokers: 45 (6.0%)
Inclusion criteria:
• Participated in Wave 1, 2, &3
• Current asthma in Wave 1 & 2
• Never smoked in Wave 2
• Reported smoking behaviour in
Wave 3
Age Wave 3: M = 14.70 (SD = 0.74)
Age range: 13-17 years
Smoking in Wave 3:
Never smokers: 206 (80.2%)
Ever smokers: 51 (19.8%)
At least weekly: 7 (2.7%)
Daily: 5 (1.9%)
Wave 2 (May 2003):
N = 9,008 adolescents
participated in Wave 1 & 2
(89.3% of Wave 1)
Age: M = 13.44 (SD = 0.79)
Age range: 11-17 years
Adolescents without current asthma
Wave 1 & 2 (N = 8,455)
Never smokers: 4,976 (59.5%)
Ever smokers: 3,394 (40.5%)
Daily smokers: 490 (5.9%)
Adolescents with current asthma
Wave 1 & 2 (N = 553)
Never smokers: 337 (61.8%)
Ever smokers: 208 (38.2%)
Daily smokers: 36 (6.6%)
Wave 3 (November 2004):
N = 6,769 adolescents
participated in Wave 1-3
(67.1% of Wave 1)
Age: M = 14.84 (SD = 0.76)
Age range: 13-18 years
Adolescents without current asthma
Wave 1 & 2 (N = 6,371)
Never smokers: 3,903 (61.8%)
Ever smokers: 2,413 (38.2%)
Daily smokers: 311 (4.9%)
Adolescents with current asthma
Wave 1 & 2 (N = 398)
Never smokers: 258 (66.0%)
Ever smokers: 133 (34.0%)
Daily smokers: 21 (5.4%)
Final Sample (N = 257)
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(SD = 0.77). Most students (n = 230; 90.2%) reported they needed to use medication in 
the past 12 months. At the time of the first wave, 71% of these students were using rescue 
medication; 47% were using controller medication.
Measures
All measures were self-reported by adolescents. 
Smoking onset was assessed by a single item on a 9-point scale, referring to smoking cigarettes 
(either ready made or hand rolled) (1: “I have never smoked, not even a puff”, 2: “I have 
tried smoking once in a while, but don’t smoke anymore”, 3: “I have quit smoking, I have 
always smoked less than once a week”, 4: “I have quit smoking, after having smoked at least 
once a week”, 5: “I try smoking once in a while”, 6: “I  smoke less than once a month”, 7: 
“I do not smoke weekly, but at least once a month”, 8: “I do not smoke daily, but at least 
once a week”, and 9: “I smoke at least once a day”) (Kremers, Mudde, & De Vries, 2001). 
This variable was dichotomized into 1 (never smoked) versus 2 (ever smoked: smoked once 
or more) because of the skewness of the distribution of this variable, and because even 
smoking one cigarette is an important predictor of later tobacco use (e.g., Fidler et al., 
2006). Self-report of smoking in adolescents is recognized as a valid method (Barnea, Rahav, 
& Teichman, 1987; Forastiere et al., 1993) and this instrument was used in other health 
studies in Europe (De Vries, Candel, Engels, & Mercken, 2006; Harakeh, Scholte, De Vries, 
& Engels, 2006).
Severity of asthma symptoms was assessed using a Dutch translation of the student questionnaire 
of the American College of Allergy, Asthma and Immunology (ACAAI) (Redline et al., 2004). 
Respondents were asked to indicate on a 3-point scale how often they suffered from seven 
symptoms (e.g., “I wake up at night because I have trouble breathing”). Responses were 
averaged to form a severity score (Cronbach’s alpha (α) = .68), with higher scores indicating 
more severe asthma. 
Adherence to asthma medication was measured with the self-report Morisky Adherence 
Scale (Morisky, Green, & Levine, 1986), which is composed of four yes/no response items 
(e.g. “Do you ever forget to take your medication?”). The answers were recoded so that 
higher scores represent better self-reported adherence. This instrument showed concurrent 
and predictive validity (Morisky et al., 1986). Internal consistency of this questionnaire was 
assessed by calculating the Kuder-Richardson 20 (KR20) reliability coefficient, because of 
the dichotomous nature of the responses. The KR20 was 0.55, which was somewhat lower 
than the results found in the validation study (0.61; Morisky et al., 1986).
Coping strategies were assessed with the Asthma-Specific Coping Scale (Aalto, Harkapaa, 
Aro, & Rissanen, 2002). The psychometric characteristics of this questionnaire were tested in 
a validation study among a large general asthma sample of 3,459 adults and in two smaller 
intervention samples of adults, supporting construct, concurrent and discriminant validity, 
with Cronbachs alpha’s ranging from .63 to .84 (Aalto et al., 2002). The scale comprises six 
subscales: restricted lifestyle (4 items e.g., “I avoid exertion”), hiding asthma (4 items, e.g., “I 
avoid talking about my asthma”), positive reappraisal (4 items, e.g., “I try to learn something 
positive about my falling ill and related experiences”), information seeking (4 items, e.g., 
“I try to find out more about my asthma”), ignoring asthma (4 items, e.g., “I avoid thinking 
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about my asthma”) and worrying about asthma (3 items, e.g., “I am afraid that my asthma 
will get worse”), with Cronbach’s alpha’s in the present study ranging from 0.61 to 0.73. All 
items were measured on a 4-point Likert scale. Responses were averaged to yield a score for 
each domain; higher scores indicate more use of that specific coping strategy. Concurrent 
validity for adolescent samples was shown in an earlier Dutch study (Van De Ven, Engels, 
Sawyer, et al., 2007). 
Attitude towards asthma was measured using the Child Attitude Toward Illness Scale (CATIS) 
(Austin & Huberty, 1993). This scale showed good internal consistency and test-retest 
reliability, and the validation study showed good construct validity. The scale consists of 13 
items with a 5-point Likert scale (α = 0.79). Higher scores represent a more positive attitude 
towards asthma.
Overall QOL and positive effects QOL were measured using a Dutch translation of the Adolescent 
Asthma Quality of Life Questionnaire (AAQOL) (Rutishauser, Sawyer, Bond, Coffey, & Bowes, 
2001). This instrument was validated among Australian and European adolescents and showed 
good construct validity and high test-retest reliability. The AAQOL questionnaire consists 
of 32 items and covers six dimensions: symptoms (e.g., “How bothered have you been by 
coughing”), medication (e.g., “How bothered did you feel about having to carry your inhaler 
with you”),  physical activities (e.g., “How often have you been restricted in sports, hobbies 
or other recreational activities because of your asthma”), emotions (e.g., “How often did you 
feel frustrated because of your asthma”), social interaction (e.g., “How often have you been 
annoyed by your asthma when going to a party”), and positive effects (e.g., “How often has 
your asthma brought you closer as a family”), with Cronbach’s alpha’s ranging from 0.74 to 
0.90. All responses were measured on a 7-point Likert scale. As recommended by the authors 
(Rutishauser et al., 2001), the domains are added together to create one overall QOL scale (α 
= 0.95), with the exception of the positive effects domain which was scored separately. Higher 
scores represent better QOL. A translation of this questionnaire was used in a previous study 
in the Netherlands (Van De Ven, Engels, Sawyer, et al., 2007).
Social-demographic information and parental smoking status were also assessed by adolescent 
self-report. Adolescents were asked to fill out items about their gender, age, education level, 
country of birth, parental country of birth, and the parental smoking status. Adolescents 
who were born in the Netherlands and whose parents were also born in the Netherlands 
were categorized as having a Dutch background; other adolescents were categorized as 
having a non-Dutch background. Information about the adolescents’ education level was 
used as a proxy for social economic status (SES), and adolescents were re-categorized in 
three educational levels: lower vocational training, intermediate vocational training, and 
high school/pre-university education. 
Statistical Analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) for Windows, 
version 14.0. First, Pearson correlations were calculated to examine the associations between 
all variables in this study (Table 1). Next, logistic regression analyses were conducted to 
investigate which asthma-specific factors predicted smoking onset, and whether the effects 
of these predictors were moderated by gender. All analyses were corrected for gender, 
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age, ethnicity, education level, and parental smoking behaviour because these are known 
predictors of smoking onset in adolescents (e.g., De Vries et al., 2006). First, the effect of 
each asthma-specific factor was analyzed by a set of separate hierarchical logistic regression 
analyses, with the possible confounders entered in the first step, one of the asthma-specific 
factors in the second step, and the moderation with gender in the last step (see Table 
2, adjusted model). Moderation was tested by examining the interaction term, which is 
generated by multiplying the asthma-specific predictor by the moderator gender, while 
controlling for the main effects of gender and the asthma-specific factor (e.g., Holmbeck, 
2002; Baron & Kenny, 1986). Next, to control for correlations between the asthma-specific 
factors, all asthma-specific factors were multivariately tested in one hierarchical logistic 
regression model, again entering the possible confounders first, all asthma-specific factors 
second, and all interactions with gender third (see Table 2, complete model). 
Results
Fifty-one (19.8%) adolescents of the study sample started smoking between the second and 
third wave, compared to 25.5% of the healthy adolescents in the larger sample (Pearson χ² 
(1, N = 4126) = 4.07, p = .04) (not in Table). Table 1 shows the correlations between all study 
variables. Symptom severity was strongly and negatively related to overall QOL (r = -.50; p < 
0.01) and weakly to moderately related to attitudes towards asthma (r = -.38; p < 0.001) and 
several coping strategies, with correlations ranging from .15 (p < 0.05) to .30 (p < 0.001). 
Adherence was positively but weakly related to some coping strategies with correlations 
between .14 (p < 0.05) and .18 (p < 0.01). The QOL variables were negatively interrelated (r 
= -.39; p < 0.001), supporting the integration of the first five subscales (and not the positive 
effects domain) into one overall QOL score. The QOL variables were moderately related 
to most coping strategies, with correlations ranging from .16 (p < 0.05) to -.48 (p < 0.001), 
and with attitude towards asthma (r = .63; p < 0.001 for overall QOL; r = -.19; p < 0.01 
for positive QOL). Furthermore, most coping strategies were interrelated with correlations 
ranging from .16 (p < 0.05) to -.49 (p < 0.001), and correlated with attitude towards asthma 
with significant correlations ranging from -.19 (p < 0.01) to -.49 (p < 0.001). 
Table 2 describes the results of the logistic regression models predicting smoking onset, 
for both the adjusted models and the complete model. Gender, age, ethnicity, education 
level, and parental smoking behaviour did not predict smoking initiation of adolescents 
with asthma. The adjusted models showed that smoking onset was significantly predicted 
by self-reported medication adherence (OR = 0.21; 95% CI: 0.06- 0.75) and the coping 
strategy hiding asthma (OR = 1.72; 95% CI: 1.06- 2.78), with the odds of smoking initiation 
higher for adolescents with lower adherence and those hiding their asthma more. Gender 
moderated the effect of overall QOL on smoking onset (OR = 2.53; 95% CI: 1.27- 5.07). 
Separate analyses for boys and girls showed that better overall QOL significantly predicted 
lower odds of smoking onset in boys (OR = 0.45; 95% CI: 0.25-0.81), while the effect of 
overall QOL was not significant but appeared to be increasing the odds of smoking initiation 
in girls (OR = 1.18; 95% CI: 0.76-1.82). 
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Table 2. Prediction of smoking onset among non-smoking adolescents with asthma (n=257): 
Unstandardised Regression Weights (B), Standard Errors (SE) and Odds Ratios (OR) with 95% Confidence 
Intervals (95% CI) from Logistic Regression Models.
Adjusted models a Complete model b
 B  SE OR  (95% CI)  B  SE OR (95% CI)
Step 1
Gender c  0.20  0.33 1.22 (0.64-2.34)  -0.39  0.37 0.68 (0.33-1.42)
Step 2
Symptom severity  0.69  0.48 2.00 (0.78-5.14)  0.33  0.70 1.39 (0.36-5.43)
Adherence  -1.58  0.65 0.21 (0.06-0.75)*  -1.42  0.72 0.24 (0.06-0.99)* 
Coping-restricted lifestyle  0.12  0.25 1.13 (0.69-1.85)  0.42  0.39 1.52 (0.71-3.26)
Coping-hiding asthma  0.54  0.25 1.72 (1.06-2.78)*  0.52  0.39 1.69 (0.79-3.62)
Coping-positive reappraisal  -0.35  0.24 0.70 (0.44-1.13)  -0.61  0.39 0.55 (0.25-1.17)
Coping-information seeking  -0.27  0.27 0.77 (0.45-1.31)  -0.15  0.43 0.87 (0.37-2.00)
Coping-ignoring asthma  0.39  0.21 1.48 (0.97-2.25)  0.17  0.36 1.18 (0.59-2.38)
Coping-worrying about asthma  0.18  0.25 1.20 (0.73-1.97)  -0.18  0.47 0.84 (0.36-1.97)
Attitude towards asthma  -0.16  0.32 0.85 (0.45-1.59)  -0.09  0.56 0.92 (0.31-2.74)
QOL-overall  -0.12  0.16 0.88 (0.65-1.21)  0.06  0.31 1.06 (0.57-1.96)
QOL-positive effects  -0.01  0.12 0.99 (0.79-1.26)  0.09  0.18 1.09 (0.78-1.54)
Step 3: Significant interaction  
QOL-overall * Gender c  0.93  0.35 2.53 (1.27-5.07)**  1.75 0.71 5.74 (1.43-23.0)*
Post-hoc interpretation of significant interaction
QOL-overall: Boys  -0.81  0.30 0.45 (0.25-0.81)**  -1.04 0.53 0.35 (0.13-1.00)*
QOL-overall: Girls  0.16  0.22 1.18 (0.76-1.82)  0.71  0.52 2.04 (0.74-5.61)
Note. * p ≤ .05; ** p ≤ .01.
a Analyses were adjusted for age, education level, ethnicity and parental smoking.
b Analyses were adjusted for age, education level, ethnicity and parental smoking, as well as all other variables in the model. Nagelkerke 
R² step 1 (confounders) = 0.02; model 2 (all asthma-specific predictors) = 0.15; step 3 (interactions with gender) = 0.23.
c ‘Male’ is the reference group
In the complete model, low adherence was the only asthma-specific variable significantly 
predicting smoking onset in adolescents with asthma (OR = 0.24; 95% CI: 0.06-0.99). The 
interaction between gender and overall QOL was also significant in the complete model 
(OR = 5.74; 95% CI: 1.43-23.0). Separate analyses for boys and girls showed that better 
overall QOL was significantly related to lower odds of smoking onset in boys (OR = 0.35; 
95% CI: 0.13-1.00), while the effect of overall QOL was not significant but appeared to be 
reversed in girls (OR = 2.04; 95% CI: 0.74-5.61). The complete model without interactions 
predicted 15% of the variance in smoking onset, the model with interactions predicted 23% 
of the variance in smoking onset, as measured with Nagelkerke R2. The logistic regression’s 
ROC area was 0.77, indicating an acceptable predictive power of the complete model with 
interactions (e.g., Hanley & McNeil, 1982).
Discussion 
This is the first study to explore asthma-specific predictors of smoking onset in adolescents 
with asthma, a group that is especially vulnerable to the risks of smoking (Thomson et al., 
2004). The prevalence rates of smoking in this study are consistent with the prevalence 
rates in Dutch national youth surveys, which supports the generalizability of these results. 
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Of the Dutch population of adolescents, 35% of 13-year-olds and 49% of 15-year-olds 
report they have smoked at least once in their lifetime (Stivoro, 2006). The smoking rates 
are also consistent with the results reviewed by Tyc and Throckmorton-Belzer (2006), who 
compared smoking rates in different paediatric chronic illness groups. They found higher 
rates of smoking in adolescents with asthma (11-21 years) than in other illness groups. 
The smoking onset of adolescents with asthma (19.8%) was lower than the smoking onset 
of healthy adolescents in the larger sample (25.5%), and most adolescents were occasional 
smokers (Figure 1). This is in line with our previous study on smoking and asthma, drawing 
from the same larger sample, that showed that adolescents with asthma were less likely 
to experiment with smoking (Van De Ven, Engels, Kerstjens, & Van Den Eijnden, 2007). 
However, that study showed that after smoking initiation, they were at higher risk to develop 
a regular smoking pattern compared to healthy adolescents. Even though the current study 
showed a lower onset of smoking in adolescents with asthma, the onset rate of 20% is 
disturbing given the increased health risks of smoking for adolescents with asthma. 
In line with previous cross-sectional results showing an association between adherence 
with medication and adolescent smoking (Bush et al., 2007; Precht et al., 2003), it was 
found that poor self-reported adherence in early adolescence consistently predicted the 
onset of smoking eighteen months later. Rather than considering this as a causal link, it 
is most likely explained by various shared underlying factors, such as a low value place 
on health (Ritt-Olson et al., 2004) or personality traits like conscientiousness (Christensen 
& Smith, 1995; Harakeh et al., 2006). Despite the lack of any causal interpretation, poor 
self-reported adherence to asthma medication during early adolescence should serve as 
an important warning to healthcare professionals of a higher risk for smoking initiation. 
Besides the usual concerns of poor adherence in relationship to poor asthma outcomes, 
low adherence also signals an increased risk of future smoking. Improving young people’s 
capacity to take on greater self-management of asthma as they mature would hopefully also 
empower adolescents to make healthier choices in relation to choosing not to smoke. In 
addition, improved self-management may also prevent smoking because it may increase 
general self-esteem, which is related to smoking initiation (e.g., Conrad et al, 1992). 
There was a trend for coping strategies to predict the onset of smoking, although the 
results were not statistically significant except for hiding asthma in the adjusted model. 
The coping strategies hiding asthma and ignoring asthma seemed to be related to higher 
odds of smoking initiation, while positive reappraisal seemed to reduce the odds of onset of 
smoking in adolescents with asthma. As in a previous study (Van De Ven, Engels, Sawyer, et 
al., 2007) the current study showed that more subjective psychological factors are important 
constructs in predicting health behaviour and well-being in adolescents with asthma. 
However, a significant proportion of asthma consultation time is spent on the transfer of 
knowledge (Partridge, 2005). Within health consultations with adolescents, the challenge 
for health professionals is how to spend more time on these more subjective experiences 
of asthma. For instance, research on adolescents with diabetes showed that coping skills 
training can help adolescents cope better with their illness by improving both their QOL and 
long-term adaptation (Grey et al., 1998). 
_________________________  Asthma-specific predictors of smoking onset in adolescents with asthma  ____
13
Poorer overall QOL predicted smoking onset in boys. Most research on the relation 
between QOL and smoking is based on the assumption that smoking causes a reduction 
in QOL (e.g., Mitra et al., 2004). The present study extended this work by showing the 
importance of QOL as a predictor of smoking onset in boys. In addition to treating QOL as 
an outcome measure, future studies in chronic illness populations are encouraged to treat 
QOL as a predictor variable for several other health behaviours. That poorer QOL predicts 
smoking onset in boys only indicates that boys and girls react differently to the various 
stressors related to asthma. This is consistent with research showing more externalising 
problem behaviours (including aggression, delinquency) in boys, and more internalising 
problem behaviours (including depression, anxiety, withdrawal) in girls (e.g., Leadbeater, 
Kuperminc, Blatt, & Hertzog, 1999). It may be more difficult for boys with low QOL to resist 
peer pressure. Clinicians working with young people with asthma should be aware of these 
gender differences, and especially focus on the psychosocial consequences and outcomes 
of asthma in adolescent boys. 
This study has several strengths. Due to the longitudinal design which included only 
baseline non-smokers, it was possible to investigate predictors of smoking initiation instead 
of more simple cross sectional associations with smoking behaviour. Moreover, these results 
were adjusted for social-demographics and parental smoking, which were shown to be 
strong predictors of smoking onset (e.g., De Vries et al., 2006). The results of the complete 
model were also adjusted for all asthma-specific factors, thereby also correcting for a 
possible overlap in constructs. In terms of limitations, while the sample size was acceptable, 
due to the young age of participants, the rate of smoking onset was still relatively low, 
which reduces the power of the analyses, especially when examining interactions. The onset 
of regular smoking was even lower, with only 7 adolescents becoming weekly or daily 
smokers. It was therefore only possible to study smoking initiation and it was not possible to 
distinguish between those who only experimented, and might have only tried one cigarette, 
and those who developed a more regular smoking pattern. Future studies would benefit from 
studying these asthma-specific factors (particularly predictive factors such as adherence, 
coping and QOL) in larger cohorts, as well as in studies of older adolescents. Longer follow-
up of an older sample of adolescents would identify more adolescents who smoke regularly 
in whom it would be possible to study how asthma-specific factors affect the transition into 
regular smoking in adolescents with asthma. 
In this study, no differentiation was made with regard to adherence to different kinds of 
medication. Smoking may be differentially related to taking rescue medication and controller 
medication. This was shown by a recent cross-sectional study, in which smoking was related 
to taking more rescue medication but less controller medication in adolescents with asthma 
(Bush et al., 2007).
Moreover, as is common in population studies such as this, the results were based on 
self-report which could have affected the results in complex ways. For example, certain 
personality traits such as agreeableness are associated with social desirability, which could 
result in underreporting of smoking and over-reporting of adherence, thereby inflating the 
predictive value of early adolescent adherence on smoking onset (Graziano & Tobin, 2002). 
14
____  Chapter   _______________________________________________________________________________
Population studies showed that self-report of smoking is reliable and valid if anonymity is 
guaranteed (Barnea et al., 1987; Forastiere et al., 1993) with prevalence estimates of smoking 
similar when either using self-report measures or a biological marker for salivary cotinine 
(Dolcini, Adler, Lee, & Bauman, 2003). However, self-reported smoking in chronically 
ill populations was shown to be less reliable (Holl, Grabert, Heinze, & Debatin, 1998), 
although this has not been tested in adolescents with asthma. It is also not known whether 
self-reported smoking in a population-recruited rather than clinically-recruited sample, 
would equally underestimate smoking. 
The model including the interactions predicted 23% of the variance in smoking initiation. 
The remaining part of the variance may be explained by more general factors that are also 
predictive of smoking in healthy adolescents, such as personality, genetic susceptibility, peer 
influences, and social cognitive factors (e.g. attitude towards smoking). For future research, 
it would be interesting to study how the asthma-specific factors of the present study relate 
to other health models of substance use. Asthma-specific factors could be distal factors 
predicting, for instance, attitudes towards smoking (Theory of Planned Behaviour (Ajzen, 
1991) or perceived susceptibility or health motivation (Health Belief Model (e.g., Becker, 
Maiman, Kirscht, Haefner, & Drachman, 1977). 
Conclusion
These results suggest that several asthma-specific factors are predictive of smoking onset in 
adolescents with asthma. Healthcare professionals should be concerned by poor adherence 
to medication in young adolescents with asthma, since this predicts the later onset of 
smoking, even after adjusting for the known predictors of smoking. They are encouraged to 
pay more attention to the subjective experiences of adolescents with asthma, such as their 
coping strategies and QOL, since these subjective factors are also predictive of smoking 
initiation.
Chapter  10
General discussion
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Introduction
In the present thesis, we studied the wellbeing and smoking behaviour of adolescents 
with asthma. This thesis can be divided into two parts. In the first part (Chapters 2-4) we 
studied the prevalence of asthma and the impact asthma had on the quality of life (QOL) 
of adolescents. Predictors of QOL were studied, as well as explanatory mechanisms. The 
second part (Chapters 5-9) deals with the smoking behaviour of adolescents with and 
without asthma and we explored the roles of general and asthma-specific predictors of 
smoking in adolescents with asthma. In the following sections, results will be discussed in 
relation to the current state of research. Subsequently, we will address the limitations of the 
study, and discuss directions for future research. This general discussion chapter will end 
with providing implications for prevention and interventions programmes for adolescents 
with asthma.
Asthma in Adolescence (Part 1)
In the first part of this thesis, we have looked at how common it is to have asthma and 
symptoms of asthma in adolescence, and how having asthma affects psychosocial wellbeing 
of adolescents. Previous studies have demonstrated that asthma has an impact on subjective 
health as assessed by QOL measures (Hallstrand, Curtis, Aitken, & Sullivan, 2003; Sawyer 
et al., 2001), but hardly any studies have investigated psychological factors that could be 
linked to QOL in adolescents with asthma. We have started to fill in this gap by studying 
the associations between coping strategies and personality on the one hand and QOL on 
the other.  
The prevalence of asthma 
In the Netherlands, no recent data were available for the prevalence of asthma among 
adolescents. The study in Chapter 2 describes the prevalence rates of asthma and other atopic 
diseases among 10,087 12 to 14-year-old Dutch adolescents. The self-report questionnaires 
for asthma, eczema and hay fever of the International Study of Asthma and Allergies in 
Childhood (ISAAC) were combined with measures of several social-demographic and 
individual factors that are potential risk factors for atopic diseases, such as overweight, 
ethnicity, and gender. This study is not only important for the Netherlands by providing 
prevalence rates of asthma derived from a population-based sample of Dutch adolescents, 
it also adds to international research: This study was part of the third phase of ISAAC, and 
we contributed to this international study as one of the 281 centres in 104 countries by 
assessing prevalence rates and related risk factors of atopic diseases. ISAAC was developed 
to describe the prevalence and severity of asthma, rhinitis, and eczema in children and 
adolescents, and to compare prevalence rates between different centres and over time 
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(Asher et al., 1995; ISAAC, 2000). ISAAC provides standardized questionnaires to measure 
these atopic diseases, and when combined with questions about individual factors (such as 
lifestyle and environment) these questionnaires may provide more information about the 
aetiology of atopic diseases such as asthma.  
The data of the Netherlands demonstrate that the majority of adolescents (52.6%) had 
suffered from at least one atopic disease at some point in their lives; 12.9% had lifetime 
asthma; 23.4% lifetime hay fever; 37.1% lifetime eczema. The 12-months prevalence of the 
symptoms wheezing, rhinitis, and itchy rash was 12.3%, 28.3%, and 13.5%, respectively. 
Because of the standardized questionnaires and methodology, it is possible to compare the 
results of the Netherlands with worldwide prevalence rates of phase three of ISAAC. Given 
the focus of this thesis, we will only discuss the results regarding asthma. 
Both the worldwide mean for the 12-months prevalence of the wheezing and the 
worldwide mean for the prevalence of lifetime asthma were a little higher than the Dutch 
prevalence rates (worldwide mean was 13.7% for 12-month wheezing; 13.8% for lifetime 
asthma) (Pearce et al., 2007). The mean prevalence rates for Western Europe were even 
higher (15.2% for 12-month wheezing; 16.3% for lifetime asthma). This is primarily caused 
by the high prevalence rates of asthma and symptoms of asthma in the United Kingdom and 
Ireland (up to 31.2% for 12-month wheezing and 28.6% for lifetime asthma). Worldwide, 
the English speaking countries and Western Europe had the highest prevalence rates of 
asthma, both in the first and the third phase of ISAAC (the mean interval between the two 
phases was 7 years), whereas the prevalence rates were lowest in Africa, Latin America, and 
parts of Asia. However, the international differences have been reduced in this period, with 
small decreases of the prevalence of asthma in the English speaking countries and Western 
Europe, and increases in regions with low prevalence rates of symptoms of asthma (Pearce 
et al., 2007). Similar results were found for the prevalence of other atopic diseases and 
symptoms (Asher et al., 2006). Since the Netherlands started to participate in ISAAC at the 
third phase, it was not possible to determine whether the prevalence of asthma is increasing 
or decreasing among Dutch adolescents using our sample. However, a recent study on 
asthma in Dutch children, based on general practice registrations, suggests that, after an 
increase of asthma prevalence in the 1980s and 1990s, the prevalence rates of asthma in 
Dutch children is now decreasing (Van Schayck & Smit, 2005).
Associated risk factors
Next to determining the prevalence rates of asthma in adolescents with asthma, this 
study added to the literature on the aetiology of asthma by showing that several socio-
demographic and individual factors were related to the prevalence of lifetime asthma and 
12-month symptoms of asthma. For most symptoms of asthma, the prevalence was higher 
among those following lower education, among adolescents with a Surinam/Antillean 
background, and among adolescents living in industrial areas. In addition, our study also 
demonstrated gender differences in asthma: although the prevalence of lifetime asthma is 
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higher among boys, girls reported more symptoms of asthma in the past 12 months. This is in 
line with the literature about the changing gender ratio of asthma during the lifespan, where 
boys have more asthma in childhood, whereas asthma is more prevalent in girls during 
adolescence (e.g., Anderson, Pottier, & Strachan, 1992; King, Mannino, & Holguin, 2004). 
Several explanations for this difference in gender ratio have been postulated and tested. A 
study suggests that this is not caused by a better prognosis for childhood asthma in boys, 
but by a higher incidence of asthma in girls during adolescence (Nicolai, Pereszlenyiova-
Bliznakova, Illi, Reinhardt, & von Mutius, 2003). Another explanation for this finding is a 
difference in sex steroids: testosterone is an immunosuppressant for males, whereas female 
sex steroids are proinflammatory, thereby increasing the risk of the development of asthma 
in girls during adolescence (Osman, 2003). Beside biological differences, psychological or 
sociocultural differences between males and females might play a role. Kroenke and Spitzer 
(1998) discoverd that among adults, most physical symptoms are reported at least 50% more 
often by women than by men, which might be caused by different social roles in society. 
These sociocultural differences may also explain the gender differences we found.
Furthermore, this study revealed a relation between asthma and body mass index (BMI). 
Adolescents with overweight were more likely to have lifetime asthma or 12-month 
symptoms of asthma. This finding is not only interesting because it demonstrated that 
overweight is a risk factor for asthma, as has been confirmed with longitudinal research 
(Castro-Rodriguez, Holberg, Morgan, Wright, & Martinez, 2001; Gilliland et al., 2003), 
but also has implications for the wellbeing of adolescents. Being overweight may be an 
additional stressor for adolescents with asthma, which could impact on quality of life. In 
non-asthmatic adolescents, being overweight is associated with reduced physical quality 
of life (Swallen, Reither, Haas, & Meier, 2005). In young adolescents (12 to 14 years old), 
overweight is suggested to have a detrimental effect on depression, self-esteem, school 
functioning, and social functioning (Swallen et al., 2005). 
In addition, the finding that asthma is related to overweight is worrisome in relation to 
smoking. Several studies found a positive association between smoking and weight concerns 
(see Potter, Pederson, Chan, Aubut, & Koval, 2004 for review). Research indicated that many 
adolescents believe that smoking can be used as a form of weight control (Camp, Klesges, 
& Relyea, 1993; Klesges, Elliott, & Robinson, 1997). Future research should explore the role 
of overweight in both smoking behaviour and psychological wellbeing of adolescents with 
asthma. 
Taken together, the study described in Chapter 2 shows that asthma and symptoms of 
asthma are very common among Dutch adolescents, especially in girls, with prevalence 
rates similar to worldwide means. The high prevalence of asthma stresses the need to further 
examine this group of youngsters. Given that research indicated a reduced QOL (Hallstrand 
et al., 2003; Sawyer et al., 2001) and more psychological problems (Alati et al., 2005; 
Bussing, Burket, & Kelleher, 1996; Forero, Bauman, Young, Booth, & Nutbeam, 1996) for 
adolescents with asthma compared to their healthy peers, it is important to study the impact 
asthma has on these adolescents. 
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Quality of life in adolescents with asthma
In Chapters 3 and 4 we focused on predictors of subjective wellbeing, as measured by QOL. 
We did this by using an adolescent-specific and asthma-specific instrument, the Adolescent 
Asthma Quality of Life Questionnaire (AAQOL) (Rutishauser, Sawyer, Bond, Coffey, & Bowes, 
2001), the only asthma-specific QOL designed specifically for this age group, covering 
domains that are relevant for adolescents with asthma, and with the specific problems they 
might encounter. These domains are Symptoms, Medication, Physical Activities, Emotion, 
Social interaction, and Positive effects. The first five domains compose an Overall QOL 
score, the last domain (Positive effects that asthma could have on the daily life of adolescents) 
could not be meaningfully added to the overall score (Rutishauser et al., 2001).
Of the five domains of Overall QOL, adolescents with asthma scored relatively low on the 
Physical Activities domain. Although research demonstrated that people with asthma can 
exercise safely (see review by Lucas & Platts-Mills, 2005), the findings in Chapters 3 and 4 
showed that adolescents with asthma had relatively low QOL scores for physical activities. 
Several studies revealed that physical activity had a positive influence on psychological 
wellbeing of adolescents in general (e.g., Kirkcaldy, Shephard, & Siefen, 2002; Steptoe 
& Butler, 1996). In adolescents with asthma, research indicated that physical activity 
programmes can not only improve aerobic fitness, but can also improve QOL, in both 
physical and psychological domains. It can reduce hospital admissions, wheeze frequency, 
medication use, and school absenteeism (Welsh, Kemp, & Roberts, 2005). During asthma 
consultations with health workers, more attention should be given to a better control of 
asthma, to stimulate adolescents with asthma to participate in physical activities just like 
their healthy peers. Specific problems with taking part in physical activities, as well as ways 
to prepare for physical activities by medication should be discussed. Besides improving 
QOL, it may also affect the smoking behaviour of adolescents with asthma: it is suggested 
that adolescents with asthma might smoke because they feel different, and smoking is a way 
to gain peer acceptance. Playing sports may take over the role of smoking to achieve peer 
approval in adolescents with asthma and to distinguish oneself in a more positive manner 
(Tyc & Throckmorton-Belzer, 2006). 
Most previous research in adolescents with asthma focused on the influence of disease 
characteristics on QOL, such as asthma severity. The results of the study described in Chapter 
3 demonstrated that QOL was negatively associated with severity of symptoms of asthma, 
replicating the results of earlier studies on adults and adolescents with asthma (Horak et al., 
2005; Warschburger et al., 2004). However, a recent study suggested that psychological 
factors were more important than asthma severity in QOL of children and adolescents with 
asthma (Goldbeck, Koffmane, Lecheler, Thiessen, & Fegert, 2007). Chapter 4 shows that 
several personality factors from the Five Factor Model of personality (Goldberg, 1990) were 
related to QOL in adolescents with asthma. Overall QOL was higher in adolescents higher 
on extraversion and lower on neuroticism (thus more emotionally stable). Agreeableness was 
the only personality factor related to positive QOL, with higher positive QOL for adolescents 
higher on agreeableness. This is the first study to reveal these associations in adolescents with 
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asthma and the results are in line with studies in (mostly adult) patient groups with other 
somatic and mental illnesses (e.g., De Clercq, De Fruyt, Koot, & Benoit, 2004; Masthoff, 
Trompenaars, Van Heck, Hodiamont, & De Vries, 2007; Van Straten, Cuijpers, Van Zuuren, 
Smits, & Donker, 2007; Vollrath & Landolt, 2005; Yamaoka et al., 1998). 
In addition to looking at the relation between personality and QOL, this thesis also aimed 
at testing explanatory mechanism for this relationship. We therefore tested the mediating 
roles of coping strategies and the reporting of symptoms. Six different strategies for coping 
with asthma were distinguished (Aalto, Harkapaa, Aro, & Rissanen, 2002): restricted lifestyle, 
hiding asthma, positive reappraisal, information seeking, ignoring asthma, and worrying 
about asthma. In the literature about personality and QOL it was suggested that personality 
affects QOL because it influences the way people approach situations and interpret and 
react to stressful situations (Wrosch & Scheier, 2003). 
People high on extraversion are believed to have a tendency to focus on positive emotions 
(Masthoff et al., 2007; Van Straten et al., 2007). Although this indicates that adolescents high 
on extraversion would engage more in the coping strategy ‘positive reappraisal’, the results 
of our study in Chapter 4 demonstrate that adolescents high on extraversion have a lower 
tendency to lead a restricted lifestyle, and thus do not avoid situations for their asthma. This 
is in line with the hypothesis that extraverted people are more focused on social contacts, 
and may focus less on their own problems (Van Straten et al., 2007). Adolescents with 
asthma who are high on extraversion seem to think that the (social) advantages of taking part 
in certain activities outweigh the risk of an asthma attack.
The negative relation between neuroticism and QOL found in Chapter 4 is in line with most 
other studies on this relation (e.g., De Clercq et al., 2004; Masthoff et al., 2007; Vollrath & 
Landolt, 2005) and may also be explained by whether or not adolescents concentrate on their 
own problems. In contrast with people high on extraversion, people high on neuroticism are 
more focused on their own problems, and they recall and report more symptoms (Larsen, 
1992). In addition, it is suggested that neuroticism is related to less effective coping with 
stress (Vollrath, 2001). The results described in Chapter 4 demonstrate that the relation 
between neuroticism and QOL in adolescents with asthma is indeed explained by more 
symptom reporting. Another explanation has to do with the coping strategy worrying about 
asthma: adolescents with asthma worry more about their asthma, which in turn decreases 
QOL. These two mechanisms together may explain why adolescents with asthma high on 
neuroticism have lower QOL. 
The positive relation between agreeableness and QOL had been documented before in 
adult and paediatric patient groups (De Clercq et al., 2004; Penedo et al., 2003; Vollrath 
& Landolt, 2005). Agreeableness was only associated with the positive effects QOL 
subscale, indicating that adolescents high on agreeableness felt that they got more help 
and understanding from people in their direct social network. This is in line with a study in 
children demonstrating that agreeableness was related to perceiving more social support 
from the family (Branje, van Lieshout, & van Aken, 2004). It is suggested that children and 
young adolescents high on agreeableness are believed to have more friends, are more 
relaxed, and pay less attention to physical symptoms, resulting in higher QOL (Van Straten 
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et al., 2007). In addition, coping skills are assumed to be better in children and adolescents 
high on benevolence (the term used for agreeableness in research on paediatric groups) 
(Vollraht 2005). Chapter 4 revealed that the relation between agreeableness and QOL can be 
explained by less hiding of asthma. In addition, the positive relation between agreeableness 
and positive effects QOL was explained by making more use of the coping strategy positive 
reappraisal (a cognitive strategy used to attach positive meanings to having asthma and to 
see the benefits of the illness). Taking these two explanations together, the results suggest that 
since agreeable adolescents try to see the positive aspects of having asthma, and do not try to 
hide it, it may be easier for people in their immediate social environment (e.g., their family 
and friends) to support these adolescents, and to accept the limitations associated with 
having asthma, thereby increasing the positive effects QOL of adolescents with asthma. 
Personality may be difficult to change, but the coping strategies associated with these 
personality traits are more open to change through interventions (e.g., Colland, 1993). 
Adolescent personality may act as an early indicator for reduced QOL in adolescents with 
asthma, and tailored coping interventions could be given to adolescents with personality 
traits that put them at risk for lower QOL. Short personality questionnaires such as the one 
used in this thesis (The Quick Big Five, 30 items, Vermulst, 2005) may be used as a screening 
instrument to assess which adolescents are at risk for low QOL. These adolescents could be 
offered an intervention aimed at improving the coping strategy connected to that personality 
trait. Possible coping interventions are given below in the section “Practical implications 
and prevention”.
The study described in Chapter 3 further demonstrates the roles of coping strategies in 
QOL. The strategies restricted lifestyle and worrying about asthma were associated with 
poorer overall QOL, the use of the coping strategies restricted lifestyle, positive reappraisal, 
and information seeking was related to higher scores on the positive QOL domain, whereas 
hiding asthma was related to lower scores on the positive QOL domain. In addition, we 
found indirect effects of severity on QOL via several coping strategies, indicating a way 
to intervene in the relation between severity and QOL. Even when asthma is more severe, 
using certain coping strategies may prevent a decline in QOL of adolescents with asthma. 
As mentioned before, possible interventions to improve the use of these coping strategies 
will be considered below when we discuss some implications of the research described in 
this thesis. 
Taken together, our studies about QOL show that both disease characteristics (severity 
of symptoms) and psychological factors (personality and coping) are related to QOL in 
adolescents with asthma. Besides changing severity of symptoms by helping adolescents 
to manage their asthma and to increase their knowledge, the results in the first part of 
this thesis provide us with ways to improve QOL of adolescents with asthma. Results of 
personality questionnaires may function as warning signs for adolescents with asthma who 
are at risk for reduced QOL, and the results may help to adapt coping interventions for 
adolescents with specific personality traits. Since coping strategies were found to intervene 
in the relations between severity and personality on the one hand and QOL on the other, 
there are opportunities for adolescents with asthma to improve their QOL by using effective 
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coping strategies. Coping skills training should be made easily accessible for them, and the 
training should be targeted at the specific problems these youngsters encounter, such as 
missing out on social activities or being embarrassed to take medication in a social situation. 
These training programmes might give adolescents a feeling of control over their illness; 
teach them what they can do to improve QOL. Besides positive effects for QOL, the training 
might also influence other health behaviours such as medication adherence or smoking, 
since adolescents with asthma sometimes want to rebel against their asthma, and might 
engage in health-compromising behaviours (such as smoking and non-adherence) to gain 
some control over their illness, even if it is control that has a negative impact on their asthma 
(Creer & Bender, 1995; Tercyak, 2003).
Smoking in Adolescence (Part 2)
Compared with healthy adolescents, the health risks associated with smoking are higher for 
adolescents with asthma (see Review Thomson, Chaudhuri, & Livingston, 2004). Despite 
these health risks, most studies indicated that smoking is more prevalent among adolescents 
with asthma than among their healthy counterparts (Forero et al., 1996; Otten, Engels, & 
Van Den Eijnden, 2007; Precht, Keiding, & Madsen, 2003; Zbikowski, Klesges, Robinson, 
& Alfano, 2002). In the second part of this thesis we described longitudinal analyses of the 
relationship between asthma and smoking in adolescence. In addition, predictors of smoking 
onset among adolescents with and without asthma were tested, as well as predictors of 
nicotine dependence. These results will be discussed below. The prevalence rates of smoking 
of the first and third wave of the longitudinal study of this thesis are described in Table 1 
and Table 2. At the first wave, regular smoking appeared to be more common in adolescents 
with asthma (8.1%) compared to their healthy peers (6.3%), whereas never smoking and 
experimental smoking was slightly less prevalent among those with asthma (62.6% for never 
smoking, 29.2% for experimental smoking) than among adolescents without asthma (63.3% 
for never smoking, 30.5% for experimental smoking). However, the results of a chi-square 
test revealed that these differences were not significant. At the third wave, prevalence rates 
for never smoking, experimental smoking and regular smoking were almost similar for youth 
who never had asthma (47.5%, 36.9%, and 15.6%, respectively) and youth with asthma 
(49.3%, 35.4%, and 15.4%, respectively). Again, these prevalence rates did not differ 
between those with current asthma and those with no asthma. 
Table 1. Prevalence of smoking in adolescents with current asthma and adolescents without asthma at 
the first wave of the study (N = 9,227).
Never smoking Experimental smoking Regular smoking
Never asthma 63.3% 30.5% 6.3%
Current asthma 62.6% 29.2% 8.1%
Note. Pearson Chi-Square = 4.12 (df = 2, ns). 
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Table 2. Prevalence of smoking in adolescents with current asthma and adolescents without asthma at 
the third wave of the study (N = 9,365). 
Never smoking Experimental smoking Regular smoking
Never asthma 47.5% 36.9% 15.6%
Current asthma 49.3% 35.4% 15.4%
Note. Pearson Chi-Square = 7.30 (df = 2, ns).
The relation between smoking and asthma in adolescence
Although several studies found higher smoking rates among adolescents with asthma, there 
are hardly any studies that prospectively investigated whether the odds of smoking onset 
are different in adolescents with and without asthma. Cross-sectional designs cannot shed 
light on whether the increased smoking rates of adolescents with asthma are due to a higher 
smoking onset among those with asthma, or whether adolescents develop asthma after 
they started to smoke. Chapter 6 indicated that the relationship was bi-directional: baseline 
smoking was found to increase the risk of developing symptoms of asthma, and the other 
way round, having (symptoms of) asthma had an effect on smoking onset. 
The effect of smoking on the development of asthma. 
Previous studies on adolescents provided contradictory findings with regard to the role 
of smoking in the development of asthma. Nevertheless, most studies showed that the 
incidence of asthma was higher among active smokers (Genuneit et al., 2006; Gilliland et 
al., 2006; Larsson, 1995; Ulrik, Backer, Hesse, & Dirksen, 1996). Our longitudinal findings 
confirmed that smoking could lead to the development of symptoms of asthma, with a 
clear dose-response effect. Although it did not reach significance, presumably due to the 
low number of new cases, the same trend was found for diagnosis of asthma: regularly 
smoking adolescents with no diagnosed asthma at baseline had a twofold risk (OR = 2.08) 
to be diagnosed with asthma 22 months later compared to non-smoking adolescents. These 
findings are alarming: even early in adolescence, when they smoked for only a limited 
period of time, adolescent smokers are at higher risk to develop asthma. 
The effect of adolescent active smoking on the development of severity of symptoms of 
asthma was stronger in girls. In Chapter 2 it is described that girls had a higher prevalence 
of symptoms of asthma than boys during adolescence, while asthma was more common 
among boys in childhood. Several mechanisms were proposed in Chapter 2 to explain 
this reversal in gender ratio. The results of Chapter 6 are in line with the hypothesis that 
this reversal in gender ratio is caused by higher incidence in girls, instead of remission of 
asthma in boys after childhood (Nicolai et al., 2003). Adolescent girls seem to be more 
susceptible to develop asthma if exposed to triggers such as smoke. This could be caused by 
the aforementioned difference in sex steroids; asthma incidence is lower in males because 
testosterone is an immunosuppressant, while the incidence is higher in females because 
female sex steroids are proinflammatory (Osman, 2003).
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Maternal smoking had a main effect on the development of symptoms of asthma but 
not on diagnosed asthma, which is in line with a large body of evidence demonstrating 
adverse effects of maternal smoking (e.g., Alati, Al Mamun, O’Callaghan, Najman, & 
Williams, 2006; Gilliland et al., 2006; Gilliland, Li, & Peters, 2001; Goksor, Amark, Alm, 
Gustafsson, & Wennergren, 2007). Unfortunately, in our study we could not differentiate 
between smoking during pregnancy (in utero) and smoking later in the child’s life. Earlier 
research demonstrated that maternal smoking in utero was associated with a greater risk of 
both diagnosed asthma and symptoms of asthma in their children, whereas environmental 
tobacco exposure (ETS) after birth of the child was associated with wheeze, but not with 
diagnosed asthma (Gilliland et al., 2001). Next to replicating the main effect of maternal 
smoking, the study in Chapter 6 is in line with an earlier study finding that maternal smoking 
in utero increases the asthma susceptibility from active smoking during adolescence 
(Gilliland et al., 2006), suggesting that maternal smoking has transgenerational effects. As 
said, we could not distinguish between smoking during or after pregnancy, but in line with 
Gilliland and colleagues (2006) we found that the effects of smoking on the development of 
symptoms of asthma were stronger if mothers were smokers, even when controlled for the 
main effects of maternal smoking. Again, this was only found for symptoms of asthma, and 
not for diagnosed asthma. 
One explanation why this interaction was not significant for diagnosed asthma is 
statistical, since there might be a lack of statistical power due to the low number of new 
cases (incidence) of asthma. However, these results could also indicate that there is a barrier 
to see a doctor if symptoms of asthma have developed after (maternal and/or adolescent) 
smoking. It is possible that both mothers and adolescents feel ashamed to see a doctor with 
respiratory complaints if they are smoking. More research should be conducted on the role of 
this interaction between maternal and adolescent smoking in the development of asthma. In 
addition, future research could benefit from asking more detailed questions about maternal 
smoking behaviour, both in utero and later in the child’s life, as well as combining these 
self-report asthma measures with more objective measures such as a physician’s diagnosis 
or lung function measures.
The effect of (symptoms of) asthma on the onset of smoking
Having current asthma seems to make adolescents somewhat reluctant to start smoking 
compared to those with no asthma. This was described in two chapters. In Chapter 6 it 
is demonstrated that adolescents with current diagnosed asthma were less likely to start 
experimenting with smoking, compared to their non-asthmatic peers. In Chapter 8, a non-
significant trend was found for adolescents with asthma to have a reduced onset of smoking, 
in which the onset of both regular (defined as at least once a week) and experimental smoking 
(having smoked at least once but less than at least once a week) was taken together. However, 
if adolescents with asthma started smoking, they showed an accelerated development of 
smoking compared to those with no diagnosed asthma (Chapter 6). This explains why no 
significant difference in smoking onset was found between adolescents with and without 
asthma when taking experimental and regular smoking together (Chapter 8): they were 
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less inclined to start smoking, but if they started, they were faster in developing a regular 
smoking pattern. These results are in line with the findings that adolescents with asthma 
were more often regular smokers, but not lifetime smokers, than non-asthmatic adolescents 
(Tercyak, 2003). Precht and colleagues (2003) also revealed that adolescents with asthma 
were more often daily smokers than non-asthmatic adolescents, but the two groups did not 
differ on occasional smoking. However, other research found different results with regard 
to smoking behaviour of adolescents with and without asthma. Zbikowski and colleagues 
(2002) also distinguished different levels of smoking, but the results were different from our 
study: adolescents with current asthma were more likely to smoke monthly, but not weekly, 
compared to those without asthma. A follow-up study on the sample of Tercyak (2003) 
revealed no differences in progression of smoking behaviour between adolescents with and 
without asthma (Tercyak, 2006). 
In addition, gender moderated the effect of symptoms of asthma on smoking onset (when 
comparing experimental with never smoking) (Chapter 6): having symptoms of asthma had 
a protective effect on smoking onset in boys, but was a risk factor for smoking onset in girls. 
These gender differences might be explained by lower self-esteem during adolescence in 
girls compared to boys (Kling, Hyde, Showers, & Buswell, 1999). Having asthma might 
make adolescents feel different from their peers. For girls, who have lower self-esteem, peer 
acceptance might be more important. Smoking is a way to gain peer acceptance during 
adolescence (Spijkerman, Van Den Eijnden, & Engels, 2005), resulting in a stronger relation 
between asthma and smoking onset in girls.
Maternal smoking also moderated the relationship between asthma and smoking (Chapter 
6): If mothers did not smoke, having symptoms of asthma (when comparing experimental 
smoking with never smoking) or a diagnosis of asthma (when comparing regular smoking 
with never smoking) had a protective effect on smoking onset, whereas symptoms of asthma 
or a diagnosis of asthma was a risk factor for smoking in families in which mothers were 
smokers. So only if mother smoked, asthma was a risk factor for adolescent smoking onset. 
This might be explained by the social learning theory (Bandura, 1977). Mothers may have 
increased modelling effect on adolescents with asthma compared to those without asthma. 
If the mother smoked even though the adolescent suffered from asthma, adolescents might 
interpret this as smoking not being really harmful for people with asthma. If smoking would 
be harmful for them, their mother would not smoke. Mothers of adolescents with asthma 
might thus give a sort of implicit approval of smoking. (Otten, Engels, & Van Den Eijnden, 
2005). Future research could test this assumption by a survey study among families with a 
smoking mother, in which both adolescents (with and without asthma) and their smoking 
mothers should be included. The mothers should report on maternal approval of their 
children’s smoking, while the adolescents should report whether they think their mother 
would approve of their smoking. The perceived approval of adolescents with and without 
asthma could then be compared, while at the same time correcting for the true approval of the 
mothers. If the implicit approval hypothesis is correct, adolescents with asthma will perceive 
that their mothers are more approving of smoking than non-asthmatic adolescents.
All in all, cross-sectional and longitudinal research provided contradictory evidence with 
regard to differences in smoking behaviour between adolescents with and without asthma. 
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Most cross-sectional studies found a higher smoking rate of adolescents with asthma on 
some smoking measures, but studies differed in whether they found it on lifetime smoking, 
experimental smoking or regular smoking. In the present thesis we found that regular smoking 
was more common in adolescents with asthma, but adolescents with asthma seemed to 
be less likely to experiment with smoking compared to those without asthma (Chapter 6). 
Adolescents with asthma seemed to have an accelerated development of smoking once 
they started smoking. However, this is in contrast with the results of Tercyak’s study (2006), 
which found no differences in smoking progression between adolescents with and without 
asthma. 
The differences found over studies might to some extent be explained by factors such 
as cultural differences, age differences, differences in intervals in longitudinal studies, 
and by different definitions of smoking and asthma. Therefore, more research is needed to 
determine if, and under which conditions (e.g., culture, age), adolescents with asthma are 
more likely to smoke. To test the hypothesis that adolescents with asthma have an accelerated 
development of smoking, future research needs shorter intervals to assess smoking behaviour. 
With weekly questionnaires on smoking frequency and quantity it will be possible to study 
the potential differences in escalation of smoking behaviour between adolescents with and 
without asthma in great detail. 
Despite variation in the used smoking measures (lifetime, occasional, and regular 
smoking), most studies found that smoking was more common among adolescents with 
asthma compared to their healthy counterparts. Different explanations can be given for 
this distinction in smoking prevalence between adolescents with and without asthma. First 
of all, this might be due to short-term benefits of smoking for adolescents with asthma. 
Experimental mice studies have demonstrated that if mice were exposed to smoke after 
asthma was induced, there were short-term anti-inflammatory effects of smoking on 
allergic inflammation (Melgert et al., 2004; Robbins et al., 2005). Among humans, a cross-
sectional study suggested likewise (Chalmers et al., 2001). A second explanation is that 
adolescents with asthma are more susceptible to develop nicotine dependence. This is not 
only in line with a study that showed that nicotine dependence is more common among 
smokers with COPD compared to “healthy” smokers (Jimenez-Ruiz et al., 2001), but may 
also be explained by maternal smoking. Maternal smoking during pregnancy is namely 
not only a risk factor for the development of asthma in their children, but a recent study 
suggested that maternal smoking during pregnancy may also affect the foetus, possibly by 
nicotine affecting the dopaminergic system, increasing the likelihood of their adolescent 
children to become nicotine dependent (Buka, Shenassa, & Niaura, 2003; Lieb, Schreier, 
Pfister, & Wittchen, 2003). Because maternal smoking may increase both the likelihood 
of asthma and the likelihood of nicotine dependence in their children, adolescents with 
asthma may be more susceptible to develop symptoms of nicotine dependence. Because 
of their asthma, adolescents with asthma are less inclined to start smoking, probably 
because they acknowledge the increased health risk. If they are more susceptible to nicotine 
dependence and they start experimenting with smoking, they might develop symptoms of 
nicotine dependence in an earlier stage of smoking than non-asthmatic adolescents, which 
would lead to an accelerated development of smoking. Future research should test whether 
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adolescents with asthma are indeed more susceptible to nicotine dependence development 
than non-asthmatic adolescents. Studies with frequent assessment of nicotine dependence 
measures in adolescents who recently started smoking may provide insight into the potential 
differences in the tempo in which nicotine dependence symptoms develop in adolescents 
with and without asthma. Several instruments have been developed to measure nicotine 
dependence in adolescence, of which the HONC (DiFranza et al., 2000) and the modified 
Fagerström Tolerance Questionnaire (mFTQ; Prokhorov, Pallonen, Fava, Ding, & Niaura, 
1996) are the ones most frequently used in survey studies. With a combination of these 
two measures, three conceptually different dimensions of nicotine dependence could be 
assessed: i.e., behavioural aspects of nicotine dependence, craving, and nervousness during 
abstinence (Kleinjan et al., 2007). A longitudinal study with frequent assessments of this 
combined scale in adolescents with and without asthma may reveal differences in the 
development of both physiological and psychological symptoms of nicotine dependence. 
Predictors of smoking in adolescents with asthma
A recent review of studies on the smoking rates in several adolescent chronic illnesses 
groups (asthma, diabetes, juvenile rheumatoid arthritis, cancer, sickle cell disease, and 
cystic fibrosis) showed high smoking rates in adolescents with asthma (aged 11-21), whereas 
smoking rates were lower in adolescents with other chronic illnesses (Tyc & Throckmorton-
Belzer, 2006). Why do adolescent with asthma smoke despite their illness, while adolescents 
with other illnesses refrain from smoking? To answer this question, this thesis tested several 
general and asthma-specific predictors of smoking in adolescents with asthma. 
Only few previous studies had looked into whether factors known to predict smoking in the 
general population of adolescents also predicted smoking among adolescents with asthma. 
Several psychosocial and individual factors were tested, but most of these studies revealed 
no differences: adolescents with asthma seemed to smoke for similar reasons as their healthy 
peers (Otten, 2007; Tercyak, 2003; Zbikowski et al., 2002). However, the roles of smoking-
specific cognitions, such as attitudes towards smoking, subjective norms of smoking, and 
self-efficacy to refrain from smoking, have hardly been investigated among adolescents with 
asthma. Only one study looked at some smoking-specific cognitions and found a difference 
between adolescents with and without asthma in the association between an attitude-like 
concept (the belief that smoking is relaxing) and smoking (Zbikowski et al., 2002). In this 
thesis, more smoking-specific cognitions, in particular those derived from the Theory of 
Planned Behaviour (TPB) were tested, both cross-sectionally and longitudinally. 
Smoking-specific cognitions
With regard to mean levels of smoking-specific cognitions, the results seem to be contradictory. 
In Chapter 7 an extended model of the TPB (including perceived prevalence of smoking and 
risk perceptions) was tested with a cross-sectional design. Except for a higher perceived risk 
of affected lungs due to smoking among adolescents with asthma, adolescent with asthma 
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did not differ from their healthy peers with regard to the mean levels of smoking-specific 
cognitions. However, in Chapter 8 we tested the TPB longitudinally, and the results revealed 
that adolescents with asthma had more negative cognitions towards smoking than their 
non-asthmatic peers. They had a lower intention to start smoking, more negative attitudes 
towards smoking, and more perceived behavioural control to resist smoking. Although these 
results seem contradictory, they are caused by the use of different samples. If smoking and 
non-smoking adolescents are taken together, adolescents with and without asthma do not 
differ with regard to smoking-specific cognitions (Chapter 7). However, among non-smokers, 
adolescents with asthma have more negative smoking cognitions than non-asthmatic 
adolescents (Chapter 8). Taken these results together, it demonstrates that at the time of 
the first wave of the longitudinal study, adolescents with asthma who started smoking had 
more positive cognitions towards smoking than adolescents without asthma who already 
initiated smoking. These results might be explained by a difference in cognitive dissonance 
reduction (Festinger, 1957): when there is a conflict between behaviour and cognitions 
about that behaviour, people tend to adjust their cognitions instead of their behaviour. Since 
smoking is associated with more health risks among adolescents with asthma they might 
experience more internal conflicts between their cognitions and behaviour after they had 
started smoking, and they might adjust their cognitions more strongly than their healthy 
peers, resulting in higher pro-smoking cognitions among smoking adolescents with asthma 
compared to smoking adolescents without asthma. Although the longitudinal results of 
Chapter 8 indicate that smoking-specific cognitions predict smoking behaviour among 
adolescents with asthma (cognitions χ behaviour), this does not rule out that behaviour 
more strongly predicts smoking-specific cognitions in adolescents with asthma (behaviour χ 
cognitions). Unfortunately it was not possible to test for differences in cognitive dissonance 
reduction between adolescents with and without asthma with our data, since no measures 
of smoking-specific cognitions were included in the questionnaires of the third wave. 
Future research should investigate this possible difference in cognitive dissonance reduction 
between adolescents with and without asthma by using a longitudinal design that measures 
both cognitions and behaviour at several points in time. Analyses including cross-lagged 
paths could reveal whether smoking onset predicts changes in smoking-specific cognitions 
(indicating cognitive dissonance reduction) more strongly in adolescents with asthma when 
controlling for previous levels of these cognitions. 
With regard to differences in the effects of smoking-specific cognitions on smoking 
behaviour, both studies demonstrate that this relation was stronger for adolescents with 
asthma compared to adolescents with no asthma, both cross-sectionally (Chapter 7) and 
longitudinally (Chapter 8). Young people with asthma seem to be more strongly guided by 
their smoking-cognitions than non-asthmatic youngsters. Maybe because they have more 
psychological problems (e.g., Alati et al., 2005; Bussing et al., 1996; Otten, Van De Ven, 
Engels, & Van Den Eijnden, in press), and because they already feel different from their peers 
(e.g., due to missing school and activities, and medication use), they are more inclined to 
start smoking when they have pro-smoking cognitions, since smoking is seen as cool among 
adolescents (Spijkerman et al., 2005). A second reason may be rebelliousness. Smoking 
can be seen as an act of rebellion in a subgroup of youths (Van Den Eijnden, Spijkerman, 
& Engels, 2006), and because of the effects of smoking on lung function, it is even a greater 
act of rebelliousness for adolescents with asthma. A third reason for adolescents with asthma 
to be guided stronger by their cognitions may be found in the prototype-willingness model 
(Gibbons & Gerrard, 1995, 1997). In this model, there is an intentional/reasoned pathway 
to health behaviours, analogous to the TPB, and there is a social reaction pathway in 
which health behaviour is not deliberately planned but a response to social circumstances. 
Adolescents with asthma seem to take the intentional pathway more often than the non-
asthmatic adolescents, who seem to be guided more by the social reaction pathway, in 
which willingness (i.e. openness to opportunity) instead of intention determines behaviour. 
Smoking often seems more planned behaviour in youngsters with asthma. This in turn might 
be explained by moderators of the cognition-behaviour relation (Cooke & Sheeran, 2004): 
when cognitions are more accessible and stable over time, when people are more involved 
in the topic, and when people are more certain about their cognitions, the relation between 
cognition and behaviour is stronger. Given their illness and the health risks associated with 
smoking for people with asthma, adolescents with asthma probably contemplate smoking 
more, making them more involved in the topic, and smoking-specific cognitions may be 
more accessible from memory, more stable over time, and more certain. 
Earlier we stated that smoking rates among populations of adolescents with other chronic 
illnesses are much lower than the smoking rates among adolescents with asthma (Tyc & 
Throckmorton-Belzer, 2006). Maybe that is because smoking is related to lung function, 
as is asthma, whereas smoking is not so directly related to other chronic illnesses. As we 
mentioned above, because of this relation with lung function, adolescents with asthma 
more often contemplate smoking, and may follow the reasoned/intentional pathway for this 
particular health behaviour. It would be interesting for future research to test whether this 
increased use of the reasoned pathway will also be found in other populations with specific 
health threats. For instance, the TPB may be a stronger predictor of exercising or dieting 
behaviour among people with diabetes.  
Asthma-specific predictors
The study in Chapter 9 is the first study to test the roles of several asthma-specific predictors 
of smoking onset. The results showed that smoking onset was predicted by low medication 
adherence. This is in line with two cross-sectional studies (Bush et al., 2007; Precht et al., 
2003), and underscores the need for health workers and parents to monitor medication 
adherence of adolescents with asthma. Not only for the medication adherence by itself, but 
also because low adherence to treatment regime early in adolescence is a strong signal of 
a greater risk to start smoking later in adolescence. Although adherence is a warning sign 
for later smoking initiation, it is not plausible to assume a causal link between adherence 
and smoking onset. This relation is most likely caused by a shared underlying variable 
influencing both adherence and smoking onset, such as personality (e.g., conscientiousness, 
risk taking, rebelliousness) or a low health value (Ritt-Olson et al., 2004). In addition, we 
found that coping predicted smoking onset. Adolescents who tended to hide their asthma 
were at higher risk to start smoking.  The results of Chapter 9 also reveal gender differences 
in the prediction of smoking initiation for adolescents with asthma: QOL predicted smoking 
onset only in boys. Adolescent boys and girls thus seem to react in different ways to the 
stressors related to having asthma.
Besides the fact that these results are important for future research, which should also 
take these gender differences into account, they are of particular importance for practice. 
Although it is important to transfer knowledge about asthma during the asthma consultation, 
the results of Chapter 9 as well as the results of Chapters 3 and 4 illustrate that more attention 
should be given to subjective psychological factors, such as coping with symptoms and 
limitations associated with having asthma. This will potentially improve quality of life of 
adolescents with asthma, and will even have effects on the smoking behaviour of this group 
of youngsters. 
Nicotine dependence 
Adolescent smoking and nicotine dependence 
Chapter 5 described which smoking characteristics of adolescents predict later nicotine 
dependence. The results illustrate that it is very important to prevent the transition to daily 
smoking in adolescents who are experimenting with smoking, in order to reduce young 
adult nicotine dependence (ND). Most of the adolescents’ smoking variables (adolescent 
maximum smoking level, onset of daily smoking, duration of smoking, escalation time, and 
quitting time) were only related to nicotine dependence when taking all smokers together. 
None of these variables predicted nicotine dependence within the subgroup of non-
daily smokers, indicating that the most important factor predicting nicotine dependence 
in adolescent non-daily smokers seemed to be whether they progress to daily smoking. 
Concerning these non-daily smokers, it is important for tobacco control interventions to 
focus on the prevention of the transition to daily smoking, for instance by combining an 
increase in cigarette taxes with media campaigns, which is a cost-effective way to reduce 
the smoking prevalence (e.g., Fishman et al., 2005). Another important finding of this study 
was that among daily smokers, quitting for one year was sufficient to reduce the risk of 
nicotine dependence to a level similar to never smokers. This finding may have important 
implications for interventions. Programmes aimed at helping adolescents to quit smoking 
are mostly shorter than one year, and many adolescents relapse after the programme. Longer 
interventions programmes, with affordable strategies such as offering tailored, personalised, 
and regular text messaging (Rodgers et al., 2005) should be designed.
For adolescents with asthma, it is even more important to prevent ND, since nicotine 
dependence is one of the strongest predictors of failed smoking cessation attempts (e.g., 
Hyland et al., 2004). Nicotine dependence thus leads to continued use of tobacco, which 
is especially associated with health risks among people with asthma (Thomson et al., 
2004). Chapter 6 demonstrated that if adolescents with asthma start smoking, they have 
an accelerated development of smoking behaviour, and will more often progress to regular 
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smoking. This transition to regular smoking is obviously a very important predictor of later 
nicotine dependence, and the findings in Chapters 5 and 6 together demonstrate that the 
transition to daily smoking in adolescents with asthma should be prevented. More research 
is needed to determine why adolescents with asthma have this accelerated development 
of smoking. Until then, strategies to reduce transition to daily smoking among the general 
population of adolescents may offer ways to prevent adolescents with asthma to become 
nicotine dependent. In addition, given the increased health risks and the increased prevalence 
of regular smoking in adolescents with asthma, it is very important to have interventions aim 
at daily smoking adolescents with asthma to help them quit for at least one year to decrease 
the risks of later ND. 
Limitations
Although specific limitations of the studies in this thesis were described in the previous 
chapters, we would like to discuss some general limitations of our studies below. 
Self-reported asthma
One important limitation is that asthma was assessed by self-reports. Because of the 
large sample size of this longitudinal study (10,087 adolescents participated in the first 
wave), it was not possible to use more objective physical measures of asthma. However, 
the questionnaires of ISAAC were designed for population based surveys and were used 
worldwide in epidemiological studies on atopic diseases in children and adolescents 
(e.g. Asher et al., 1995; 2006), and the questionnaires showed high validity to measure 
the prevalence of atopic diseases such as asthma (Asher et al., 1995; Shaw et al., 1995). 
Comparison of the ISAAC asthma questionnaire with a physician’s assessment of asthma 
demonstrated its sensitivity and specificity (Jenkins et al., 1996). The same was true for 
the symptoms questionnaire of the American College of Allergy, Asthma, and Immunology 
(ACAAI); the cut-off score of three or more affirmative responses (like we used in Chapter 6) 
had an estimated sensitivity of 80% and a specificity of 70% for the asthma clinical consensus 
designation according to a validation study (Redline et al., 2004). So, although the results 
in this thesis are based on self-reported asthma and symptoms of asthma, they seem to be 
valid. However, future research should preferably combine large population surveys with 
more objective asthma measures that are easy to assess (e.g., peak flow meters).
Self-reported smoking
Adolescent smoking behaviour was also assessed by self-reports. Although it is very common 
to use self-reports in studies on smoking behaviour, the validity of these self-reports could 
be questioned. For instance, smokers may underestimate or deny their smoking behaviour 
due to conforming to the social norms of not smoking (Patrick et al., 1994). However, 
several studies using biochemical markers of smoking, such as cotinine, thiocyanate, and 
carbon monoxide, indicated that self-reports on smoking are reliable and valid (see Patrick 
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et al., 1994, for a review and meta-analysis). This has been replicated in community studies 
(Vartiainen, Seppala, Lillsunde, & Puska, 2002) as well as in adolescent populations (Dolcini, 
Adler, Lee, & Bauman, 2003). 
However, using self-reports in populations in which smoking is less socially accepted 
might be less reliable. For instance, a study among adolescents and young adults with 
diabetes demonstrated that self-reports on smoking were not reliable because many patients 
denied they were using tobacco (Holl, Grabert, Heinze, & Debatin, 1998). In contrast, 
research that compared self-reports with biological markers of smoking in pregnancy (which 
is also less socially accepted) showed that self-reported smoking status during pregnancy 
was highly accurate (e.g., McDonald, Perkins, & Walker, 2005), although other studies 
suggested that underreporting in this group was high (e.g. Boyd, Windsor, Perkins, & Lowe, 
1998). To our knowledge, no studies investigated the reliability and validity of self-reported 
smoking in adolescents with asthma. However, since smoking is probably less socially 
accepted in adolescents with asthma compared to healthy adolescents, we cannot rule out 
that some adolescents with asthma underreported their smoking behaviour. The results of 
this thesis indicated that adolescents with asthma initiated smoking less often, but among 
smokers, adolescents with asthma were more often regular smokers. If smoking among this 
group was underreported to a larger degree, there would be more reason to have concerns 
about the smoking behaviour of adolescents with asthma. With regard to the predictors of 
smoking that we found for adolescents with asthma, it is difficult to see how this potential 
underreporting might have influenced the results. Possibly there are associations between 
some of these predictors and the underreporting of smoking. For instance, adolescents who 
tend to underreport smoking are probably overreporting adherence to medication regimens, 
and may report more negative smoking cognitions, thereby increasing the strength of the 
relations we found in this thesis. Future research on smoking in adolescents with asthma 
could benefit from using cotinine measures (e.g. in a random subsample) to increase validity 
and reliability of smoking measures in this group.
Smoking categorization
In the second part of this thesis, we studied the smoking behaviour of adolescents with 
and without asthma. Different smoking categorizations were used throughout this thesis. In 
Chapter 5 we differentiated between never smokers, non-daily smokers, and daily smokers 
(cf. Patton, Coffey, Carlin, Sawyer, & Lynskey, 2005; Patton, Coffey, Carlin, Sawyer, & 
Wakefield, 2006), closely resembling our categorization into never smokers, experimental 
smokers, and regular smokers in Chapter 6, although regular smokers were defined as 
weekly instead of daily smokers. Because of the young age of the respondents (14.8 years 
at follow-up), the prevalence of daily smoking was quite low, so we chose to label weekly 
smokers also as regular smokers. In Chapter 7 we distinguished nine categories of smokers 
(Kremers, Mudde, & De Vries, 2001) and analysed them on a 9-point Likert scale, whereas 
in Chapters 8 and 9, we dichotomized smoking. We had several reasons to use different 
categorizations throughout this thesis. Except for the study in Chapter 5, which was based 
on another data set, all studies measured smoking by 9 categories (see Appendix Chapter 
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8 for categories). However, only in the cross-sectional study of Chapter 7 it was possible to 
analyse all categories separately. In the studies of Chapters 6, 8, and 9 we included solely 
the baseline non-smokers, to longitudinally predict smoking initiation. Since only 29.4% of 
adolescents started smoking and due to the skewed distribution of the smoking categories, 
it was necessary to merge categories in the studies of these chapters.
In other recent publications of longitudinal studies that used the same nine category 
measure, smoking was recoded into 6 categories (never smokers, triers, experimenters, 
regular smokers, non-smoking deciders, and quitters) (e.g., De Vries et al., 2003; Kremers, 
Mudde, De Vries, Brug, & De Vries, 2004). To make research on smoking initiation, 
continuation and cessation more comparable, we would like to argue that it is essential for 
future research to strive for similar smoking measures and categorizations. With regard to 
studying smoking of adolescents with asthma, larger samples are needed to study initiation, 
progression, and cessation with more detailed smoking measures. 
Cross-sectional design
Chapters 3 and 4 described cross-sectional studies that tried to gain insight into relations 
between personality, symptom severity, and coping on the one hand and quality of life of 
adolescents with asthma on the other. Because of the cross-sectional character of these 
studies, it is not possible to test causal relationships (Stigler, 2005). Although we assumed 
that the factors investigated in these chapters had effects on QOL of adolescents with 
asthma, we cannot rule out that some of the suggested relationships were reversed. With 
regard to personality, it is often assumed that personality is stable over time (McCrae & 
Costa, 1997). However, research demonstrated that personality is subject to change during 
adolescence, and changes in personality are related to changes in anxiety (Akse, Hale, 
Engels, Raaijmakers, & Meeus, 2007). It might be possible that for instance QOL might 
have influenced personality of adolescents with asthma instead of the other way round. 
Experiencing reduced QOL may, for instance, result in adolescents being more introverted. 
For other variables in our cross-sectional models, the temporal relation may be reversed 
as well. For instance, it is possible that ways of coping with asthma influences symptom 
severity instead of severity influencing coping. It is therefore important for future studies 
to replicate the results with longitudinal designs. And even with longitudinal designs, one 
should be careful with causal inferences, since a temporal relation between two variable 
does not necessarily mean causation, since a third variable may play a role as well (such 
as was suggested in Chapter 9 with the relation between adherence and smoking initiation, 
which was believed to be caused by other variables, such as personality). Prospective, 
experimental research is needed to determine causation (Kazantzis, Ronan, & Deane, 2001). 
Unfortunately, experimental research is definitely not always feasible. However, if future 
research will use longitudinal designs that measure all constructs at all time points, and if 
researchers will include all theoretically possible confounders, it will be possible to rule out 
alternative interpretations, thereby strengthening the causal explanation of findings.  
In Chapter 7, a cross-sectional study on the relation between smoking-specific cognitions 
and smoking behaviour of adolescents with and without asthma was described. Again we 
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should be cautious with interpreting relations. In this cross-sectional study we found that 
cognitions were more strongly related to smoking behaviour in adolescents with asthma 
compared to non-asthmatic adolescents. Because of the design, it was impossible to 
conclude from this study whether having pro-smoking cognitions resulted in higher smoking 
initiation, especially for adolescents with asthma, or whether smoking behaviour led to a 
stronger change in smoking-specific cognitions for adolescents with asthma. In this case, we 
replicated the results with a longitudinal study (Chapter 8), showing that smoking-specific 
cognitions were stronger predictors of smoking onset in adolescents with asthma. However, 
caution is still necessary. The finding that cognitions predicted smoking initiation more 
strongly in adolescents with asthma did not rule out larger cognitive dissonance reduction in 
these adolescents with asthma. Both processes could work simultaneously, with cognitions 
influencing behaviour and behaviour influencing cognitions. Future longitudinal studies on 
the smoking behaviour of adolescents with asthma should include measures of smoking-
specific cognitions and behaviour at all waves to determine if both processes are at work. 
Common method biases
A last limitation of this study is that the results are subject to common method biases (see 
Podsakoff, MacKenzie, Lee, & Podsakoff, 2003 for a review). One important bias is the 
common rater effect: because the same respondent provides the measures of both the 
predictor and the dependent variable, the covariance might be overestimated. There are 
several reasons for this bias, one of them being that respondents want to be consistent 
in their answers, and look for similarities in questions, thereby producing relationships 
that would not exist without this consistency motif (e.g., Johns, 1994). Other reasons for 
this potential bias include the influence of mood (either trait or state), and the influence 
of implicit theories that respondents have on relations between variables. In addition to 
common rater effects, the results of this study might also be due to context effects, since 
all measures are assessed in the same (school) context, at the same time (for each wave, all 
questionnaires were filled out in that school hour) and using the same medium (paper and 
pencil questionnaire).
Future Research Perspectives
The role of the social environment 
The studies in this thesis added to the literature on adolescent asthma by studying predictors 
of smoking behaviour and psychological wellbeing of adolescents with asthma. In this thesis 
we focused on individual factors such as smoking-specific cognitions, personality, coping, 
asthma severity, and quality of life. However, their social environment, such as parents and 
peers, also has a major impact on their wellbeing and behaviours. A recent thesis focused 
on the role of the social environment with regard to the smoking behaviour of adolescents 
with asthma, using the same dataset (Otten, 2007). In that thesis, the relations between peer 
smoking, parental smoking, general parenting and smoking-specific parenting on the one 
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hand and smoking behaviour on the other was studied. However, asthma-specific parenting 
had neither been studied in connection with the smoking behaviour of adolescents with 
asthma, nor in relation with QOL. Several studies suggest that family factors can influence 
several outcome measures (e.g, symptoms, QOL, activity restrictions) in paediatric asthma 
via asthma management behaviours (e.g., medication adherence, family health beliefs, and 
exposure to allergens) and physiological functioning (e.g., symptom perception and immune 
system) (see Kaugars, Klinnert, & Bender, 2004 for review). However, the role of asthma-
specific parenting has hardly been investigated. It would be interesting for future research to 
examine the influence of asthma-related parenting practices on several outcomes, such as 
QOL and smoking. Research can, for example, focus on the way parents share responsibility of 
asthma management and how this responsibility is transferred from parents to their maturing 
children (Buford, 2004), on the time parents spend on communication about asthma and 
on whether or not (and to what extent) parents restrict the activities of adolescents. This may 
influence outcomes such as the self-image of adolescents with asthma, QOL, medication 
adherence, cognitions, health behaviours, coping strategies (e.g., hiding asthma, sharing the 
worrying about asthma), and many other factors. 
Developing interventions
More research is needed on interventions for adolescents with asthma, especially with 
regard to smoking, since there are no published findings of interventions aiming at reducing 
active smoking among adolescents with asthma (Tyc & Throckmorton-Belzer, 2006). Given 
the increased health risks of smoking for adolescents with asthma, it is very important to 
prevent smoking in this group, and to help quit those who initiated smoking. Research 
should test whether intervention programmes aimed at the total population of adolescents 
(e.g., De Vries et al., 2006; Vartiainen et al., 2007) are similarly effective for the group of 
adolescents with asthma. In addition, the possibilities for interventions delivered by health 
care providers should be explored as well. A study by Fidler and Lambert (2001) among 
10 to 15-year-old non-smoking (non-asthmatic) adolescents showed that interventions via 
primary health care teams could reduce the uptake of smoking. Similar interventions should 
be designed and tested for adolescents with asthma. 
There is also a lack of effect studies on psychological interventions for adolescents with 
asthma, and the published intervention studies are of low quality and/or suffered from low 
sample sizes (Yorke, Fleming, & Shuldham, 2007). Although the coping approach seems to 
provide a promising framework to develop interventions for people with chronic illnesses in 
general (de Ridder & Schreurs, 2001), hardly any interventions focused on coping skills of 
adolescents with asthma. A recent review of randomized controlled trials (RTC) assessing the 
effects of psychological interventions for children with asthma (Yorke et al., 2007) discussed 
only one study testing such a coping intervention (Colland, 1993). This intervention for 
children between 8 and 13 years aimed at improving skills to cope with asthma by a 
behavioural self-management training combined with a cognitive behaviour therapy. The 
results indicate that the programme was highly effective, and that coping changed in the 
favourable direction. Even six months and one year after the programme, coping skills were 
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still higher in the experimental group compared to the placebo group (minimal treatment of 
one information session for both children and parents) and the control group. The study of 
Colland (1993) showed that it is indeed possible to effectively change coping strategies of 
children with asthma by training. Given the shortage of coping programmes for adolescents 
with asthma, training programmes and intervention studies (preferably RTCs) to improve 
coping should be developed in order to increase the QOL of adolescents with asthma, 
focusing on increasing use of the coping strategy positive reappraisal and decreasing the use 
of the coping strategies restricted lifestyle and worrying about asthma. 
Implicit cognitions about smoking
This thesis demonstrated that adolescents with asthma differed from non-asthmatic 
adolescents with regard to the uptake of regular smoking (Chapter 6). We tried to explain 
this difference by looking at the roles of smoking-specific cognitions in adolescents with 
and without asthma. Self-report questionnaires were used to measure these cognitions. The 
questionnaires measured cognitions directly, by explicit measures. The validity of measuring 
cognitions with questionnaires was questioned repeatedly (e.g. Rosenberg, 1969), for 
instance because people may give socially desirable answers or they are not able to assess 
their “true” cognitions. Because people might be unaware of their true attitudes, or do not 
want to report these attitudes, implicit measures of attitudes were developed, such as the 
implicit association test (IAT) (Greenwald, McGhee, & Schwartz, 1998), an easy computer 
task in which the relative ease to make associations between certain target words (e.g., fat 
versus thin) and evaluative concepts (e.g., pleasant versus unpleasant) is measured. These 
implicit measures are under the control of automatic processes (Fazio, Jackson, Dunton, & 
Williams, 1995) and are believed to be independent of introspection or motivation, although 
these assumptions have been questioned (e.g., Blair, 2002). Implicit measures like the IAT 
showed to be good measures of socially sensitive topics such as racial group (Greenwald 
et al., 1998). Smoking is suggested to be a stigmatized behaviour in which smokers adjust 
their explicit cognitions to their behaviour, as indicated by a greater attitude-behaviour 
consistency for explicit versus implicit attitudes (Swanson, Rudman, & Greenwald, 2001). 
Since the development of implicit measures, several studies have tested the implicit attitudes 
of smokers and non-smokers, and compared them with explicit measures. The results 
revealed that smokers have less negative implicit attitudes towards smoking than non-
smokers (Huijding, de Jong, Wiers, & Verkooijen, 2005; Swanson et al., 2001). Although 
the strength of the relationship between explicit and implicit attitudes is only moderate 
(Sherman, Rose, Koch, Presson, & Chassin, 2003), smokers have negative attitudes towards 
smoking on both explicit and implicit attitudes measures (Huijding et al., 2005). 
The finding that adolescents with asthma had more negative explicit cognitions towards 
smoking, and the finding that the effects of these cognitions on smoking was different for 
adolescents with asthma makes it interesting for future research to study whether similar 
differences (in mean level and effect) will be found for implicit cognitions about smoking. 
Because of their illness and increased health risks for smoking, adolescents with asthma may 
give more socially desirable answers on explicit cognition measures, like the ones we used 
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in this thesis. It would be interesting to compare both the mean level and the effects (cross-
sectional and longitudinal) of implicit and explicit cognition measures between adolescents 
with and without asthma. Within these groups, it is interesting to compare smokers and 
non-smokers at baseline, with a two-by-two (asthma X smoking) design, with follow-ups 
throughout adolescence. 
Integrating asthma-specific and cognitive predictors of smoking in adolescents with 
asthma 
In this thesis we investigated the role of both asthma-specific and cognitive predictors of 
smoking in youth with asthma, and found that both factors contributed to explain why 
adolescents with asthma smoke despite the increased health risks compared to non-asthmatic 
adolescents. In this thesis we looked at these two areas of predictors separately. Future 
research should also examine how these two areas of predictors are linked. Smoking-specific 
cognitions, such as self-efficacy, subjective norm, attitude, and intention could moderate the 
effects of asthma-specific variables, such as QOL, coping strategies, and severity of asthma, 
on smoking behaviour of adolescents with asthma. Or some of the asthma-specific variables 
might moderate the effects of smoking-specific cognitions. For instance, adolescents with 
asthma who have pro-smoking cognitions are more likely to smoke (Chapter 7 and 8), and 
this could be moderated by coping strategies, such as a restricted lifestyle. Adolescents with 
asthma who use the coping strategy restricted lifestyle avoid situations such as going to 
parties and pubs, which are situations in which smoking is more common and experimenting 
with smoking usually starts. Avoiding these situations may moderate the relations between 
cognition and smoking, i.e., the positive relation between having pro-smoking cognitions 
and smoking behaviour may be less strong for adolescents who lead a restrictive lifestyle. 
Future research should also test, besides moderation, whether the relation between asthma-
specific factors and smoking behaviour of adolescents with asthma could be mediated by 
smoking-specific cognitions1. For instance, adolescents who worry more about their asthma 
may have a more negative attitude towards smoking, which in turn reduces the tendency 
to start smoking. Or having more severe asthma may increase the self-efficacy to refrain 
from smoking, thereby reducing smoking initiation. These moderating and mediating effects 
should be looked into in order to gain a more complete picture on why adolescents with 
asthma start and continue smoking.
Testing and integration with other models 
In line with the previous ideas about integrating the results of asthma-specific predictors 
and cognitive predictors of smoking onset of adolescents with asthma, we also want to 
suggest that in future research, the predictors of QOL in adolescents with asthma will be 
embedded in more comprehensive models. One possible model may be the Common 
Sense Model (CSM) of illness representations shown in Figure 1 (Leventhal, Brissette, & 
1 Although we acknowledge that one can not speak of mediation when there is no main effect for most asthma-specific factors, we 
feel that more studies, using larger and/or older samples, are needed to gain more insight into the effect of asthma-specific predictors 
of smoking onset in this group of adolescents. In addition, we wanted to consider possible mechanisms by which asthma-specific 
factors could influence smoking onset, for instance by changing cognitions. 
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Leventhal, 2003; Leventhal, Meyer, & Nerenz, 1980). The model describes that patients 
interpret illness stimuli on two levels: a cognitive level (the perceived reality of the health 
treat; the danger) and an emotional level (the emotional reactions to this threat). On the 
cognitive level, the illness stimuli evoke cognitive illness representations about the causes, 
consequences, controllability, timeline and identity of the illness. These representations will 
affect the way patients cope with their illness, and the way patients evaluate the success of 
these coping strategies. The model includes a feedback loop; for instance the appraisal of 
the success or failure of a certain coping strategy may alter the illness representations (e.g., 
if taking medication was not successful, the patient may adjust the illness representation 
about the cause of an illness). On the emotional level, a similar process is at work, in 
which the illness stimuli evoke emotional illness representations, which shape the coping 
strategies used to deal with the emotional reaction to threat, which affects appraisal of 
the used coping strategies. Together, these cognitive and emotional processes influence the 
illness outcomes and emotional outcomes. However, these processes are influenced by the 
individual context (e.g., personality traits, individual history) and by the social and cultural 
context (e.g., cultural beliefs about illness).
Illness stimuli
Illness outcomes
& Emotional
outcomes
Appraisal of
coping
Coping strategies
Coping strategies
Emotional illness
representations
Cognitive illness
representations
Appraisal of
coping
Feedback loop
Individual context
Social & Cultural
context
 
Figure 1. The common sense model of illness representations (Leventhal et al., 1980).
In the present thesis we tested certain paths within this model. For instance, in Chapter 
3 we tested how illness stimuli (i.e., severity of symptoms) affected emotional and illness 
outcomes (i.e., QOL) via coping strategies, and Chapter 4 studied the role of the individual 
context (i.e., personality) on these processes. However, only fragments of these models were 
tested in this thesis, and future research may provide more information about predictors 
of wellbeing of adolescents with asthma if other aspects of this model, such as illness 
representations or appraisal, were assessed as well.  
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Practical implications and prevention
Implications for health care providers
The results of previous research indicated that the QOL of children and adolescents with 
asthma is lower than the QOL of their healthy peers (Hallstrand et al., 2003; Sawyer et al., 
2001), especially in girls (Warschburger et al., 2004). We showed that severity only partially 
explained this reduced QOL, and that coping was an important factor explaining the QOL 
of adolescents with asthma (Chapter 3). In the asthma consultation, most time and effort is 
spent on the transfer of knowledge, discussing treatment options, and communication about 
adherence (Partridge, 2005). However, the results of previous studies, as well as several 
studies in this thesis (Chapters 3, 4, 9) emphasised the importance of psychological factors. 
More attention should be given to these psychological factors, e.g., coping strategies, in 
order to improve QOL of adolescents with asthma (Chapters 3, 4), as well as reduce the 
uptake of smoking of these adolescents (Chapter 9). 
One example is worrying about asthma, a coping strategy strongly related to reduced 
QOL. Asking adolescents detailed questions about worrying, for instance whether they were 
afraid that their asthma would get worse, may make it possible for adolescents to discuss 
their worries with their health care provider, who in turn could relieve the worries, thereby 
increasing QOL. 
In addition, health care providers should be informed about the predictors of smoking onset 
in adolescents with asthma, such as low adherence early in adolescence, coping with asthma 
by hiding it, and low QOL (in boys). They are all warning signs that are associated with an 
increased risk for smoking onset, and health workers should be vigilant to these early signs. 
As mentioned before, the relatively low QOL with regard to physical activities is also 
worrying, and is in line with qualitative studies on adolescents with asthma showing that it 
is very difficult for adolescents with asthma to accept that they cannot always participate in 
physical activities the way their peers can (Gabe, Bury, & Ramsay, 2002; Rhee, Wenzel, & 
Steeves, 2007). These problems with physical exercise should be discussed during the asthma 
consultations as well, and adolescents should be informed about the best way to manage 
their asthma before and during exercise. It may improve QOL, and, as discussed before, it 
may give adolescents a healthier way to gain peer acceptance than through smoking (Creer 
& Bender, 1995; Tercyak, 2003).
Coping interventions
Coping strategies seem to be quite strongly related to QOL of adolescents with asthma 
(Chapters 3 and 4), and although we have to be careful with interpreting the direction of 
associations, coping strategies appear to mediate the effect of severity on QOL. Interventions 
based on increasing coping skills have the potential to improve QOL in these adolescents. 
However, as stated above, only one RTC tested the effects of a coping intervention in a 
paediatric asthma population (Colland, 1993). More interventions aimed at coping strategies 
of adolescents with asthma need to be developed and tested, and suggestions for designing 
these interventions are given below, based on the results of Chapter 3 and 4. 
______________________________________________________________________  General discussion  ____
11
Interventions aimed at decreasing the use of the coping strategies restricted lifestyle and 
worrying about asthma could increase overall QOL of adolescents with asthma. With regard 
to the restricted lifestyle, adolescents probably lead this restricted lifestyle to avoid asthma 
attacks. However, familiarizing adolescents with triggers, and increasing their knowledge 
on how to manage their illness and possible attacks may make them feel more confident to 
participate in all kinds of activities, which in turn would increase their QOL. This eventually 
will most likely also reduce their worrying about asthma. 
To increase positive effects QOL, interventions could aim at the coping strategy hiding 
asthma which is strongly related to positive QOL. Because adolescents tend to hide their 
asthma, their social environment is unaware of their asthma, and is less able to provide 
social support. Social skills training can help the adolescents to accept their asthma and 
help them to be not ashamed of their illness. This makes it easier for the adolescents to be 
open about their asthma towards their social environment. In addition, interventions could 
target the people surrounding adolescents with asthma (e.g., peer, teachers), by increasing 
their knowledge and understanding of asthma, for instance by programmes like the Asthma 
Friendly Schools (Sawyer, 2006), in which schools help children and adolescents with asthma 
by educating school staff and students, and by helping students to manage their asthma 
during school hours, as well as during sport activities, camps, and excursions. Interventions 
could also target peers, for instance by peer support groups (Olsson, Boyce, Toumbourou, 
& Sawyer, 2005; Shah et al., 2001), in order to build resilience and to enhance self-esteem 
in adolescents with asthma and to make it easier for adolescents to be open, rather than 
secretive, about their asthma. 
Smoking interventions for adolescents
This thesis shows, in line with other studies (e.g., Zbikowski et al., 2002), that adolescents 
with asthma do not refrain from smoking although they are at increased health risk compared 
to non-asthmatic adolescents. Adolescents with asthma seem to acknowledge the increased 
health risks associated with smoking uptake (Chapter 7), but start smoking and develop 
a regular smoking pattern nonetheless. It is therefore very important to design smoking 
prevention programmes aimed at this group. Prevention programmes based on the TPB have 
been developed in the Netherlands for adolescents in general (e.g., Cuijpers, Jonkers, de 
Weerdt, & de Jong, 2002; De Vries et al., 2003). Unfortunately, these programmes were not 
very effective in the Netherlands in the long term. Nevertheless, given that the concepts of 
the TPB were stronger related to smoking behaviour and smoking onset in adolescents with 
asthma, these programmes could be more effective for this particular group. 
In addition, asthma-specific factors also added to the explained variance in smoking onset 
of adolescents with asthma, even after adjusting for the concepts of the TPB2, suggesting 
2 A logistic regression analyses with smoking onset (yes/no) at follow-up among baseline non-smoking adolescents with asthma (similar 
to the sample in Chapter 9) was conducted (n = 257). Step 1 included age, gender, education level, ethnicity and parental smoking 
(Nagelkerke R² = 0.02). In step 2 smoking-specific cognitions (attitudes towards smoking, perceived behavioural control, subjective 
norm, intention to smoke, perceived prevalence of smoking, and risk perceptions of smoking) were added to the model (Nagelkerke 
R² = 0.11). Adding asthma-specific factors to the model in step 3 (the factors described in Chapter 9) further increased the explained 
variance to 22% (Nagelkerke R² = 0.22), with significant effects of adherence (OR = 0.18; p = 0.03) and attitudes towards smoking (OR 
= 2.49; p = 0.03). Further analyses using backward logistic regression within the steps, resulted in a model with three factors: adherence 
(OR = 0.27; p = 0.05), attitudes towards smoking (OR = 2.25; p = 0.02) and the coping strategy hiding asthma (OR = 1.82; p = 0.04).
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that improving asthma-related factors such as adherence, coping, and QOL (in boys) could 
decrease smoking rates of adolescents with asthma (Chapter 9). However, this was the first 
study to demonstrate the predictive effects of these factors, and before interventions and 
prevention programmes can be designed, more research is needed to get insight into the 
underlying mechanisms. 
Next to preventing smoking initiation, the results of this thesis point out that it is very 
important to help adolescents with asthma to quit smoking in order to prevent nicotine 
dependence, especially since adolescents with asthma have an accelerated development 
of regular smoking, which is a very strong predictor of nicotine dependence. Preventing 
the transition to regular smoking and helping adolescents quit for at least one year will 
probably reduce the risk of nicotine dependence during adulthood. This is especially 
important for those with asthma, as nicotine dependence leads to continued use, which is 
extra hazardous for people with asthma (Thomson et al., 2004). There are hardly any studies 
on smoking cessation of adolescents with asthma. Tercyak (2003) found that adolescents 
with asthma had more often attempted to quit smoking than those without asthma, although 
no differences were found in the number of successful quitting attempts. A study by van 
Zundert and colleagues (in press) also demonstrated that among smokers, adolescents with 
asthma felt more ready to quit smoking than their healthy peers. To our knowledge, there 
are no other studies on smoking cessation in adolescents with asthma, and no smoking 
cessation programmes have yet been developed for this group (Tyc & Throckmorton-Belzer, 
2006). Given the prevalence of smoking in adolescents with asthma and the increased 
health risks for this group, cessation programmes should be designed for them, especially 
since they show to be more willing to quit smoking (Tercyak, 2003; Van Zundert, Engels, 
Kleinjan, & Van Den Eijnden, 2007). Until then, strategies to reduce transition to daily 
smoking as well as smoking cessation programmes that have been designed for the general 
population of adolescents may offer ways to prevent adolescents with asthma to become 
nicotine dependent (Fishman et al., 2005; Rodgers et al., 2005). 
Finally, this thesis (Chapter 6) illustrated that adolescents without symptoms of asthma 
could develop symptoms if they are smoking in adolescence, even if they smoked for just 
a short period. Adolescents may not be aware of these consequences, and they should be 
warned for this effect of smoking, for instance by mass media campaigns or school based 
programmes.   
Smoking interventions for parents
Interventions should not only be aimed at adolescents, but also at parents of both healthy 
adolescents and adolescents with asthma. Parents of non-asthmatic adolescents should be 
warned about the risk of their smoking behaviour (especially mothers) since we believe they 
are not fully conscious of the consequences of their smoking behaviour. If mothers smoke, 
their adolescents are not only at increased risk to start smoking (thereby indirectly increasing 
the risk of asthma) (Chapter 6; Goksor et al., 2007), but they also have a direct increased 
risk to develop symptoms of asthma. In addition, they have an increased risk to develop 
symptoms of asthma when they start smoking (Chapter 6; Gilliland et al., 2006). Maternal 
______________________________________________________________________  General discussion  ____
13
smoking does not only affect adolescent asthma after birth, but also during pregnancy 
(Gilliland et al., 2001), and pregnant women should be warned that their smoking behaviour 
will increase the risk of respiratory illnesses in their children. 
Smoking cessation is also important for parents of children with asthma, since both the 
negative effects of smoking on asthma development, and the negative effects of asthma on 
smoking onset are larger if mothers smoke. Unfortunately, even though parental smoking 
increases symptoms of asthma (Chapter 6), adolescents with asthma more often have parents 
who smoke (Otten, 2007), and these parents should be educated about the effects of their 
smoking behaviour on their adolescent child. 
Concluding comments
This thesis provided information on the prevalence of symptoms and diagnosis of asthma and 
other atopic diseases among Dutch adolescents, and gave insight into individual predictors 
of both wellbeing and health behaviours of adolescents with asthma. The results showed that 
many adolescents have asthma in the Netherlands, and that adolescents with asthma do not 
refrain from smoking, although they have increased health risks due to smoking. Smoking 
prevention and intervention programmes should be targeted at these adolescents, and could 
be aimed both at smoking-specific cognitions such as the attitude towards smoking, and at 
asthma-specific factors such as medication adherence and QOL. In addition, coping skills 
training should be developed to increase the wellbeing of adolescents with asthma. 
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Summary of results
Chapter
• In 12-14 year old Dutch adolescents, 52.6% ever had an atopic disease; 12.9% had 
lifetime asthma; 23.4% lifetime hay fever; 37.1% lifetime eczema
2
• For most symptoms of asthma, the prevalence was higher among girls, adolescents with 
lower education levels, with a Surinamese/Antillean background, with overweight, 
and those living in an industrial area
2
• Coping strategies, severity of symptoms of asthma and personality are related to 
Quality of Life (QOL) in adolescents with asthma
3, 4
• Overall QOL is better when adolescent make less use of the coping strategies ‘restricted 
lifestyle’ and ‘worrying about asthma’
3, 4
• When adolescents make more use of the coping strategies ‘restricted lifestyle’, ‘positive 
reappraisal’, and ‘information seeking’, and less use of the strategy ‘hiding asthma’ 
they perceive more positive effects of asthma in their daily life (positive effects QOL)
3, 4
• Severity of symptoms of asthma has a direct negative association with overall QOL. 
Severity of symptoms of asthma is also indirectly related to QOL via coping strategies
3
• Overall QOL is higher in adolescents with asthma who are high on extraversion and 
low on neuroticism; positive effects QOL is higher in agreeable adolescents with 
asthma.
4
• The relation between personality and QOL can be explained by differences in coping 
and in reporting symptoms of asthma 
4
• Young adult nicotine dependence (ND) is predicted by adolescent smoking and quitting 
patterns: adolescent maximum smoking levels, onset of daily smoking, duration of 
smoking, escalation time and quitting time all predicted later ND.
5
• For daily smoking adolescents, quitting for one year is enough to reduce the risk of 
nicotine dependence to a level similar to never smokers
5
• The relationship between asthma and smoking is bi-directional: asthma influences the 
risk of smoking onset, and smoking increases the risk to develop asthma
6
• Adolescents with asthma are less inclined to start experimenting with smoking, but 
after smoking onset, they have an accelerated development of smoking behaviour 
compared to adolescents with no asthma
6
• Among non-smokers, adolescents with asthma have more negative attitudes towards 
smoking, lower perceived behavioural control to refrain from smoking and a lower 
intention to start smoking. On the contrary, when taking non-smokers and smokers 
together in a cross-sectional design, the level of smoking specific cognitions did hardly 
differ between adolescents with and without asthma
7,8
• The effect of smoking-specific cognitions on smoking is stronger for adolescents 
with asthma compared to adolescents with no asthma, both cross-sectionally and 
longitudinally
7,8
• Smoking onset of adolescents with asthma was predicted by poorer self-reported 
adherence and by the coping strategy ‘hiding asthma’
9
• Poorer QOL predicted smoking onset in boys with asthma 9
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Samenvatting (Summary in Dutch)
Adem het leven in: intrapersoonlijke determinanten van kwaliteit van leven en rookgedrag van 
jongeren met astma. 
Adolescentie is de periode waarin het kind zich ontwikkelt tot een volwassene. Deze periode 
is voor veel jongeren een lastige tijd met veel veranderingen. Door hormonale ontwikkelingen 
verandert het lichaam en jongeren ontwikkelen seksuele oriëntaties en behoeftes. Het is ook 
een periode die zich kenmerkt door veel psychosociale veranderingen. Jongeren moeten hun 
eigen identiteit ontwikkelen, ze voelen zich vaak onzeker en hun sociale leven verandert. 
De invloed van ouders vermindert en vrienden gaan een steeds belangrijkere rol spelen. 
Hoewel dit voor veel jongeren een moeilijke periode is, kan deze periode extra problemen 
geven voor jongeren met astma. Deze jongeren moeten geregeld medicatie innemen om 
hun astma onder controle te houden. Ze kunnen niet altijd meedoen met sporten of sociale 
activiteiten zoals feestjes. Ze kunnen zich anders voelen dan hun leeftijdsgenoten en voelen 
zich soms boos en gefrustreerd, omdat ze een chronische ziekte hebben. Deze factoren 
kunnen hun dagelijks functioneren beïnvloeden en ze spelen waarschijnlijk een rol bij het 
psychologische welbevinden van deze jongeren. 
In het eerste deel van dit proefschrift wordt onderzocht welke factoren bepalend zijn voor 
de kwaliteit van leven (KvL) van jongeren met astma. In dit eerste deel wordt eerst bepaald 
hoe vaak astma en andere allergische aandoeningen voorkomen bij Nederlandse jongeren 
en wat de relatie is tussen astma en verschillende sociaaldemografische en individuele 
kenmerken (hoofdstuk 2). Daarnaast wordt ingegaan op de KvL van jongeren met astma. 
In hoofdstuk 3 en 4 wordt onderzocht wat de relatie is tussen ernst van astmasymptomen, 
persoonlijkheid en coping-strategieën (de manier van omgaan met astma) enerzijds en KvL 
anderzijds. 
Adolescentie is ook de periode waarin veel jongeren beginnen te experimenteren 
met allerlei middelen zoals roken, alcohol en softdrugs. Hoewel roken voor iedereen 
gezondheidsrisico’s met zich meebrengt, zijn deze risico’s groter voor mensen met astma, 
zowel op de korte termijn als de lange termijn. Het kan de frequentie en ernst van de 
symptomen van astma vergroten, astmapatiënten hebben meer medicatie nodig als ze 
roken, ze moeten vaker naar het ziekenhuis en bepaalde medicatie slaat minder goed 
aan. Rokers met astma hebben een slechtere longfunctie dan niet-rokers met astma en 
rokers met astma hebben een verhoogde kans om later COPD te krijgen. Omdat roken 
extra gezondheidsrisico’s met zich meebrengt voor astmapatiënten en omdat rokers meestal 
begonnen zijn tijdens de adolescentieperiode, is het belangrijk te voorkomen dat jongeren 
met astma gaan roken. In het tweede deel van dit proefschrift wordt dan ook onderzoek 
beschreven naar het rookgedrag van jongeren met astma, waardoor er meer inzicht is 
verkregen in welke factoren voorspellen of jongeren met astma wel of niet met roken 
beginnen. In dit tweede deel wordt eerst bij gezonde jongeren onderzocht welke patronen 
van roken en stoppen met roken tijdens de adolescentie nicotineafhankelijkheid tijdens de 
jongvolwassenheid voorspellen (hoofdstuk 5). Daarna wordt in hoofdstuk 6 gekeken naar de 
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richting van de relatie tussen astma en roken bij jongeren. Krijgen jongeren vaker last van 
astma, nadat ze zijn gaan roken? Voorspelt het hebben van astma of jongeren gaan roken? 
Vervolgens zijn in hoofdstuk 7 en 8 jongeren met astma vergeleken met jongeren zonder 
astma en er is gekeken naar verschillen in rookspecifieke cognities (gedachten), evenals 
naar verschillen in de relatie tussen rookspecifieke cognities en het rookgedrag. Ten slotte 
wordt er in deel twee nog onderzocht welke astmaspecifieke factoren samenhangen met 
beginnen met roken van jongeren met astma (hoofdstuk 9).
Om bovenstaande vragen te onderzoeken, is er een grootschalige, longitudinale 
vragenlijststudie onder Nederlandse jongeren gestart in januari 2003. In totaal namen 
10.087 leerlingen van de eerste en tweede klassen van 33 middelbare scholen, verspreid 
over verschillende provincies van Nederland, deel aan de eerste meting van deze studie. 
Om te bepalen welke leerlingen astma hadden, werden de respondenten gescreend met 
de vragenlijst van de International Study of Asthma and Allergies in Childhood (ISAAC). 
Daarnaast werd in de eerste vragenlijst het rookgedrag van de jongeren gemeten. Vervolgens 
zijn de jongeren in mei 2003 gevraagd een tweede vragenlijst in te vullen met daarin 
vragen over mogelijke voorspellers van roken. Bij deze meting kregen de jongeren met 
astma een aparte vragenlijst, met daarin ook vragen over astmagerelateerde factoren zoals 
medicatiegebruik, de manier waarop ze met astma omgaan en ernst van astma. In deze 
vragenlijst is ook gevraagd naar de kwaliteit van leven. Ten slotte is er in november 2004 
- 22 maanden na aanvang van de studie - aan alle jongeren (dus zowel de jongeren met 
als zonder astma) gevraagd om nogmaals een derde vragenlijst in te vullen. Daarin werd 
opnieuw het rookgedrag gemeten, om zo te kunnen bepalen welke factoren het beginnen 
van roken kunnen voorspellen. 
Alle hoofdstukken, behalve hoofdstuk 5, zijn gebaseerd op de gegevens die met behulp van 
deze longitudinale studie zijn verkregen. Voor sommige hoofdstukken zijn slechts de data 
van één meetmoment meegenomen (de cross-sectionele studies); andere hoofdstukken zijn 
gebaseerd op meerdere meetmomenten (de longitudinale studies), waarbij ontwikkelingen 
in de tijd zijn onderzocht. Voor hoofdstuk 5 is gebruikt gemaakt van een andere longitudinale 
vragenlijststudie, waarbij 1.943 Australische jongeren vanaf hun 15e levensjaar gedurende 
10 jaar zijn gevolgd. 
Deel 1: Astma tijdens de adolescentie
Hoe vaak komen astma en andere allergische aandoeningen voor bij Nederlandse jongeren 
en hoe hangt astma samen met verschillende sociaaldemografische en individuele kenmerken? 
(hoofdstuk 2)
Ruim de helft van de deelnemende adolescenten (52,6%) gaf aan ooit in zijn of haar leven 
(vroeger of nu nog steeds) een allergische aandoening te hebben gehad: 12,9% heeft ooit 
astma gehad, 23,4% ooit hooikoorts en 37,1% gaf aan ooit eczeem te hebben gehad. In 
de 12 maanden voorafgaand aan het vragenlijstonderzoek had 12,3% last van piepen op 
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de borst (een piepende ademhaling), 28,3% had last van niesbuien of van een lopende of 
verstopte neus, terwijl ze niet verkouden waren en 13,5% van de jongeren had last van 
een jeukende huiduitslag. Astma en symptomen van astma kwamen vaker voor onder lager 
opgeleiden, onder jongeren met een Surinaamse/Antilliaanse achtergrond en bij jongeren 
die in of vlakbij een industrieel gebied woonden. Ook liet deze studie zien, dat jongens 
vaker aangaven ooit astma te hebben gehad maar dat meisjes in de laatste 12 maanden 
meer last van symptomen van astma hadden. Verder bleken jongeren met overgewicht vaker 
“ooit astma” te hebben gehad en vaker symptomen van astma in de laatste 12 maanden 
te rapporteren. Wanneer we deze Nederlandse resultaten voor astma en symptomen 
van astma vergelijken met gegevens uit 103 andere landen die mee hebben gedaan aan 
de ISAAC studie, dan valt te zien dat de Nederlandse cijfers vergelijkbaar zijn met het 
wereldwijde gemiddelde en dat de Nederlandse cijfers iets lager liggen dan het gemiddelde 
van West-Europa. Daar gaf 16,3% van de leerlingen aan ooit astma te hebben gehad en 
15,2% rapporteerde de laatste 12 maanden last te hebben gehad van piepen op de borst. Dit 
wordt voornamelijk veroorzaakt door hoge cijfers uit het Verenigd Koninkrijk. Wereldwijd 
komt astma het vaakst voor in de Engelstalige landen en West-Europa en het minst in Afrika, 
Zuid-Amerika en delen van Azië. 
Wat is de relatie tussen ernst van astmasymptomen, persoonlijkheid en coping-strategieën (de 
manier van omgaan met astma) enerzijds en KvL anderzijds? (hoofdstukken 3 en 4)
In de tweede vragenlijstronde is aan de jongeren met astma de Adolescent Asthma Quality 
of Life Questionnaire (AAQOL) voorgelegd om hun KvL te meten. Deze vragenlijst meet 
KvL op zes domeinen: Symptomen, Medicatie, Lichamelijke activiteiten, Emotie, Sociale 
interactie en Positieve effecten. De jongeren met astma kregen 2 scores voor deze vragenlijst: 
een “algemene KvL” score en een “positieve effecten KvL” score. Deze laatste score geeft 
weer in hoeverre jongeren positieve effecten ervaren van hun astma, bijvoorbeeld in de 
vorm van hulp en begrip van anderen. 
Uit hoofdstuk 3 en 4 blijkt dat zowel ernst, persoonlijkheid en coping-strategieën een 
relatie hebben met KvL. Wanneer jongeren meer en vaker astmaklachten hebben, is, in 
overeenstemming met de verwachting, de algemene KvL lager. Daarentegen is de positieve 
effecten KvL juist hoger wanneer de ernst groter is. Dit kan waarschijnlijk verklaard worden, 
omdat deze jongeren meer positieve effecten van het hebben van astma ervaren in de vorm 
van hulp en begrip van familie, vrienden en leerlingen en leraren op school. 
Persoonlijkheid blijkt ook een relatie te hebben met KvL. In dit onderzoek wordt 
persoonlijkheid gemeten met het Vijf-Factor-Model, waarbij persoonlijkheid wordt 
gedefinieerd door 5 dimensies: vriendelijkheid, extraversie, emotionele stabiliteit, 
zorgvuldigheid en openheid voor nieuwe ervaringen. De algemene KvL is hoger bij jongeren 
die meer extravert zijn en meer emotioneel stabiel. Positieve KvL is juist hoger bij jongeren 
die hoog scoren op de persoonlijkheidsfactor vriendelijkheid. 
Naast persoonlijkheid en ernst van astmasymptomen blijken ook coping-strategieën een 
relatie te hebben met KvL. Jongeren die een beperkende levensstijl hebben (bijv. situaties 
vermijden vanwege hun astma) en zich veel zorgen maken over hun astma, hebben een 
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lagere algemene KvL. Met betrekking tot het positieve effecten domein van KvL: wanneer 
jongeren meer informatie zoeken over astma, wanneer ze vaker hun astma als positief 
herwaarderen, wanneer ze een meer beperkende levensstijl hebben en wanneer ze hun 
astma minder verbergen, hebben deze jongeren een hogere KvL, dus zien ze meer positieve 
aspecten van hun astma. 
Behalve deze directe samenhang tussen coping en KvL, blijkt coping ook een indirecte 
rol te spelen in zowel de relatie tussen ernst van astmasymptomen en KvL. Hoewel KvL 
in het algemeen lager is wanneer de astmaklachten ernstiger zijn, laten de resultaten van 
hoofdstuk 3 zien, dat deze afname in KvL voorkomen kan worden door gebruik te maken 
van goede coping-strategieën. Het is daarom ook van belang om jongeren goede manieren 
te leren om met hun astma om te gaan. 
De resultaten van hoofdstuk 4 laten vervolgens zien, dat coping (manier van omgaan met 
astma) niet alleen een indirecte rol speelt in de relatie tussen ernst en KvL maar ook tussen 
persoonlijkheid en KvL. Jongeren met bepaalde persoonlijkheidskenmerken hebben een 
hogere KvL, omdat ze op een andere manier met hun astma omgaan. Zo hebben bijvoorbeeld 
jongeren die hoger scoren op de persoonlijkheidsfactor vriendelijkheid een hogere KvL, 
omdat ze hun astma minder verbergen en positiever herwaarderen en zo hebben jongeren 
die meer emotioneel stabiel zijn een betere KvL, omdat ze zich minder zorgen maken over 
hun astma en minder symptomen rapporteren.
Deel 2: Roken tijdens de adolescentie
Welke rookpatronen voorspellen nicotineafhankelijkheid? (hoofdstuk 5)
In het tweede deel van dit proefschrift ligt de focus op het rookgedrag van jongeren met en 
zonder astma. In hoofdstuk 5 wordt onderzocht welke patronen van roken en stoppen met 
roken in de adolescentie voorspellen, welke jongeren later tijdens de jongvolwassenheid 
afhankelijk van nicotine zijn. Bij jongeren die tijdens de adolescentie dagelijks roken, zijn 
verschillende patronen voorspellend voor latere nicotineafhankelijkheid: de hoeveelheid 
roken tijdens de adolescentie, de snelheid waarmee het rookgedrag zich ontwikkeld 
heeft, de lengte van de periode waarin ze gestopt zijn met roken en de leeftijd waarop 
ze beginnen met dagelijks roken. Bij jongeren die tijdens de adolescentie af en toe roken, 
blijken deze factoren, dus de hoeveelheid roken, periode van stoppen en startleeftijd, niet 
te voorspellen welke jongeren later afhankelijk van nicotine zijn. De resultaten laten dus 
zien dat het voor jongeren die af en toe roken voornamelijk van belang is te voorkomen, 
dat ze de transitie maken om dagelijks te gaan roken. Voor jongeren die al dagelijks roken, 
blijkt het heel belangrijk te zijn om ten minste 1 jaar te stoppen tijdens de adolescentie. 
Die jongeren hebben dan niet langer een verhoogde kans om afhankelijk van nicotine 
te zijn, vergeleken met jongeren die nog nooit gerookt hebben tijdens de adolescentie. 
Rookpreventieprogramma’s zijn nu vaak heel kort en op basis van deze resultaten is het is 
dus aan te bevelen om jongeren langer te begeleiden om terugval te voorkomen en ze te 
helpen het stoppen ten minste een jaar vol te houden. Nicotineafhankelijkheid is één van 
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de grootste oorzaken van het mislukken van stoppogingen en zorgt er dus voor dat mensen 
gedurende lange tijd roken. 
Wat is de richting van de relatie tussen astma en roken bij jongeren? (hoofdstuk 6)
Zeker voor jongeren met astma moet voorkomen worden dat ze afhankelijk van nicotine 
worden, omdat ze anders langdurig blootgesteld worden aan de risico’s van roken. Want 
ondanks dat roken voor jongeren met astma ernstigere gezondheidsrisico’s met zich 
meebrengt, blijkt uit onze studie dat jongeren met astma niet minder vaak roken dan hun 
gezonde leeftijdgenoten. Dit komt ook naar voren uit de resultaten van hoofdstuk 6. Daarin 
wordt gekeken welke niet-rokende jongeren op meting 1 zijn gaan roken tussen de eerste 
en derde meting van onze studie. Jongeren met astma zijn op zich niet vaker begonnen met 
roken dan jongeren zonder astma maar binnen de groep jongeren die wel zijn begonnen 
met roken tussen de twee meetmomenten, blijken jongeren met astma sneller een regelmatig 
rookpatroon te hebben ontwikkeld dan jongeren zonder astma. Bij jongeren met astma lijkt 
er dus sprake te zijn van een versnelde ontwikkeling in het rookgedrag. Dit is zorgelijk, zeker 
gezien het feit dat deze versnelde ontwikkeling juist een risicofactor is voor het ontwikkelen 
van nicotineafhankelijkheid (hoofdstuk 5). Uit hoofdstuk 6 blijkt ook dat het effect van 
astma op het beginnen met roken verschillend is voor jongens en meisjes: het hebben van 
symptomen van astma is een risicofactor voor beginnen met roken voor meisjes, terwijl bij 
jongens het hebben van symptomen van astma juist een beschermende rol lijkt te spelen 
voor het beginnen met roken. Ook het rookgedrag van de moeder blijkt een belangrijke rol 
te spelen bij het voorspellen van welke jongeren gaan roken. Wanneer moeder niet rookt op 
het eerste meetmoment, gaan jongeren met een diagnose of symptomen van astma minder 
vaak roken dan jongeren met astma. Maar wanneer moeder rookt, volgen jongeren met 
astma dit voorbeeld juist vaker dan jongeren zonder astma. Dus alleen wanneer moeder 
rookt, gaan jongeren met astma vaker roken dan jongeren zonder astma. Het is dus voor 
moeders in gezinnen met een kind met astma extra belangrijk om niet te roken. 
Daarnaast wordt in hoofdstuk 6 onderzocht wat het effect is van roken op de ontwikkeling 
van astma. Jongeren die roken, ontwikkelen meer symptomen van astma dan niet-rokende 
jongeren en hoe meer deze jongeren roken, hoe meer symptomen ze ontwikkelen. Dus 
zelfs vroeg in de adolescentie, wanneer de jongeren echt pas korte tijd roken, hebben 
rokende jongeren al een verhoogde kans om astma te ontwikkelen. Dit verband blijkt 
sterker te zijn bij meisjes; meisjes lijken gevoeliger te zijn om astma te ontwikkelen tijdens 
de adolescentie. Daarnaast speelt het rookgedrag van moeder ook weer een rol: in het 
algemeen geldt dat wanneer een jongere rookt er zich meer astmasymptomen ontwikkelen 
tussen de meetmomenten, maar dit verband is sterker wanneer moeders roken, zelfs wanneer 
gecorrigeerd wordt voor het hoofdeffect van het roken van moeder. 
Wat zijn de voorspellers van roken bij jongeren met astma en verschillen die van de voorspellers 
van roken voor niet-astmatische jongeren? (hoofdstukken 7, 8 en 9)
In hoofdstuk 7 en 8 is onderzocht of jongeren met en zonder astma verschillen in hun 
rookspecifieke cognities (gedachten) en de rol die deze denkbeelden over roken spelen in 
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het voorspellen van het rookgedrag. Niet-rokende jongeren mét astma hebben negatievere 
cognities over roken dan niet-rokende jongeren zonder astma. Deze niet-rokende jongeren 
met astma hebben een negatievere attitude ten opzichte van roken, hebben meer vertrouwen 
in zichzelf dat ze een sigaret kunnen weerstaan en zijn minder van plan te gaan roken. 
Toen de cognities vergeleken werden onder alle jongeren samen (dus zowel de rokende 
als de niet-rokende jongeren), werden er geen verschillen gevonden tussen jongeren met 
en zonder astma. Het lijkt er dus op dat jongeren met astma die (nog) niet roken negatiever 
denken over roken, maar dat ze, nadat ze zijn begonnen met roken, hun denkbeelden snel 
aanpassen. Jongeren met astma denken dan niet langer negatiever maar even positief of 
zelfs positiever over roken dan jongeren zonder astma. 
Daarnaast is in hoofdstuk 7 en 8 onderzocht of er verschillen zijn in de relatie tussen 
rookspecifieke cognities en het rookgedrag. Uit het onderzoek blijkt dat de relatie tussen 
rookspecifieke cognities en daadwerkelijk rookgedrag sterker is voor jongeren met astma dan 
voor gezonde jongeren, zowel cross-sectioneel (hoofdstuk 7) als longitudinaal (hoofdstuk 8). 
Jongeren met astma laten zich dus meer leiden door hun cognities over roken dan jongeren 
zonder astma. Dit kan verklaard worden doordat jongeren met astma, door hun ziekte en 
de extra gezondheidsrisico’s van roken, vaker nadenken over roken en meer betrokken zijn 
bij het onderwerp. Hierdoor zullen mogelijkerwijs hun cognities sterker en stabieler zijn en 
dus meer sturend voor het rookgedrag. 
Na het vergelijken van jongeren met en zonder astma in hoofdstuk 7 en 8, is hoofdstuk 
9 alleen gebaseerd op jongeren met astma. In hoofdstuk 9 wordt onderzocht welke 
astmaspecifieke factoren (bijv. ernst, kwaliteit van leven (KvL), coping, therapietrouw) 
voorspellen welke jongeren gaan roken. Therapietrouw – dus in hoeverre jongeren zich 
houden aan de voorschriften van de arts over het gebruiken van medicatie – tijdens het 
begin van de adolescentie blijkt een belangrijke voorspeller te zijn van het rookgedrag 22 
maanden later. Hoewel deze relatie waarschijnlijk niet causaal geïnterpreteerd kan worden, 
is een lage therapietrouw wel een belangrijk waarschuwingsignaal voor beginnen met roken 
later, iets waar ouders en medisch personeel dus alert op kunnen zijn. Daarnaast blijkt een 
coping-strategie (het verbergen van astma) te voorspellen welke jongeren met astma gaan 
roken. Jongeren die vaker hun astma proberen te verbergen, zijn vaker gaan roken tussen de 
meetmomenten dan jongeren die minder vaak gebruik maken van die coping-strategie. Ten 
slotte blijkt ook KvL met beginnen met roken samen te hangen maar alleen voor jongens. 
Jongens met astma die een lagere KvL hebben, gaan vaker roken dan jongeren met een 
hogere KvL, terwijl meisjes met een lagere KvL niet vaker gaan roken. 
Tot slot worden in het laatste hoofdstuk (hoofdstuk 10) de bevindingen uit dit proefschrift 
samengevat en worden beperkingen en mogelijkheden voor vervolgonderzoek besproken. 
Ook worden de implicaties van dit proefschrift voor de praktijk besproken. Zo blijkt uit 
de resultaten, dat psychosociale factoren (zoals coping) belangrijke voorspellers zijn 
voor zowel KvL als rookgedrag. Het is daarom van belang, dat er door zowel ouders als 
professionals in de zorg meer aandacht wordt besteed aan deze factoren. Door interventies 
kunnen adolescenten leren op een betere manier met hun astma om te gaan, bijvoorbeeld 
door open te zijn over hun ziekte in plaats van het te verbergen. 
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Daarnaast heeft deze studie implicaties voor rookpreventieprogramma’s. Adolescenten met 
astma roken niet minder dan gezonde jongeren, ondanks de evidente gezondheidsrisico’s. 
Het is daarom belangrijk voor deze groep programma’s te ontwikkelen, die ervoor zorgen 
dat jongeren met astma niet gaan roken. Enerzijds kunnen dit programma’s zijn die gericht 
zijn op jongeren door preventie bijvoorbeeld te richten op rookspecifieke cognities. Deze 
kunnen bij jongeren met astma extra goed werken, omdat bij deze jongeren de relatie 
tussen rookspecifieke cognities en rookgedrag sterker is. Ook is het van belang aan jongeren 
duidelijk te maken (bijv. door mediacampagnes of voorlichting via scholen), dat roken 
tijdens de adolescentie, ook al is het slechts gedurende een korte periode, de kans op het 
ontwikkelen van astma vergroot.
Daarnaast is het belangrijk om preventie te richten op het rookgedrag van ouders van 
zowel jongeren met als jongeren zonder astma. Ouders van kinderen zonder astma (vooral 
moeders) moeten zich bewust worden, dat hun rookgedrag schadelijke gevolgen kan 
hebben. Enerzijds omdat hun kinderen dan een verhoogde kans hebben om te roken, maar 
ook omdat het de kans op het ontwikkelen van astmasymptomen vergroot, zeker wanneer 
de kinderen zelf ook roken. Ook ouders van jongeren met astma (ook weer vooral moeders) 
moeten ingelicht worden over de risico’s van hun rookgedrag, aangezien jongeren met 
astma van wie de moeder rookt nog een hogere kans hebben om zelf te gaan roken dan 
wanneer de moeder van een niet-astmatische jongere rookt. 
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